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DO WE LIVE IN A SPIRAL NEBULA?! 


In May, 1925, my colleague, Dr. Joseph H. Moore, 
and I determined anew the elements of the motion 
of the solar system, upon the basis of the radial 
velocities of 2,034 stars, as observed at the Lick 
Observatory and at the Chile Station of the Lick 
Observatory. The apparent solar motion was found 
to be toward a point in the heavens having right 
ascensions 268°.9 and declination +27°.2, with speed 
19.0 km per second. These results are in good agree- 
ment with those obtained by me from 1,193 observed 
radial velocities, in 1911, as follows: right ascension 
268°.5, declination +25°.1, and speed 19.5 km per 
second. 

The direction in which we found the solar system 
to be moving makes an angle of 22° with the plane 
of the Milky Way. Moving with a speed of 19 km 
per second, the solar system travels 600,000,000 km 
per year, or four times the mean distance of the 
earth from the sun. We are doubtless showing high 
respect for the values of understatement when we say 
that our sun is at least many hundreds of millions of 
years in age. Clearly our solar system in its early 
youth did not have its present position in the stellar 
system, and its old age will find it in still other sur- 
roundings. We can not speak with confidence con- 
cerning the path upon which we are traveling, whether 
it is a great closed curve—an elongated ellipse, for 
example—which will suggest our return a few hun- 
dred millions of years hence to our present point of 
observation, or whether it is a path so curved that 
it does not return unto itself. If the stars were 
distributed in a system having spherical symmetry 
the center of the system should be the effective center 
of gravitational attraction and, neglecting minor per- 
turbations, our sun should describe an ellipse about 
that center. But we know that our stellar system is 
not spherical either as to form, or as to the group- 
ing of its component stars, and therefore the path 
followed by our sun probably differs somewhat from 
an ellipse. It is of interest to note that if our stellar 
system were spherical in form and the stellar mate- 
rials were uniformly distributed through it, the revo- 
lutionary periods of the individual stars would all be 
equal, no matter what their distances from the center, 
no matter what their observed speeds at any instant, 
might be. A knowledge of the density of distribution 
of the star materials would at once tell us the com- 

1 Address of the retiring president of the American 


Astronomical Society, read at Rochester, New York, 
January 2, 1926. 
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mon period of revolution. Eddington has calculated 
that a density of distribution which assigns ten stars, 
each equal in mass to our sun, to every sphere of 
space 33 light years in diameter would mean a period 
of 300,000,000 years for the sun and all other stars 
around the center of mass of the system. But, let us 
repeat, our system is not spherical in form, nor as 
to its stellar distribution, and we do not know the 
density of mass distribution even in our own neigh- 
borhood. 

But at this point many questions suggest them- 
selves. We are constrained to ask: May not our 
stellar system be one of those mysterious objects 
which we call spiral nebulae? Easton of Belgium 
considered this subject seriously, and rather favor- 
ably, a generation ago. The memorable discussion of 
the probable dimensions of our stellar system, con- 
ducted by Curtis and Shapley in 1920, under the 
auspices of the National Academy of Sciences, bore 
here and there upon this question, as well as upon the 
related question, Are the spiral nebulae island uni- 
verses? Aside from the studies mentioned, the sub- 
ject of our stellar system as a spiral nebula has re- 
ceived only haphazard attention. 

The spectrum of a typical spiral nebula closely 
resembles the spectrum of our sun; as if the spirals 
were great collections of suns. Some of the spirals 
are from their spectra observed to contain true 
nebulae, just as our stellar system has many nebulae 
distributed within it. 

The spirals closely resemble our stellar system in 
general outline. Their major dimensions are many 
times as great as their thicknesses, ten times as great 
in some observed cases. From the days of Herschel’s 
star counts—star gauges, he called them—we have 
known that our system is lenticular in form. Recent 
students of the subject incline strongly to the view 
that the ratio for our system is even much greater 
than 10 to 1. 

Casual observation of spiral nebulae is sufficient 
to convince us that they are in rapid rotation—that 
is clearly the reason why they resemble lenses in 
form. The spectrograph has measured the rotational 
velocities of two or three spirals, with results about 
as might have been anticipated.2_ The observed rota- 
tional data, treated in accordance with the laws of 
celestial mechanics, tell us that these few spirals are 
each massive enough to supply materials for millions 
of stars equalling our sun in mass. 

Hubble with the 100-inch reflector at Mount Wilson 
has recently resolved a few of the largest spirals into 


2 Considerable doubt seems to have existed, and pos- 
sibly still exists, as to the proper assignments of the 
spectrographically observed rotational speeds to the ap- 
parently nearer or to the apparently farther edges of 
the spirals concerned. 
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myriads of stars. He has shown that two of they 
the two which have the largest angular diamete,_ 
are nearly a million light years* from us, and then 
fore that they have enormous linear dimensip, 
Expressed in light years their diameters are Probably 
of the order of 40,000° in one case and 10,000 » 
15,000 in the other. 

When viewed edgewise, or nearly so, the spiral 
generally show the presence of absorbing or og}, 
ing matter on or near their peripheries. If we we 
near the center of one of the more or less i 
masses in one of the arms of a spiral, looking oy 
through the supposedly starry heavens, might not tip 
counts of stars show remarkable similarity to the sy 
gauges of Herschel? Shouldn’t we expect to obser 
a Milky Way? Would not such a Milky Way & 
irregular in outline and intensity, and show ¢loyj 
forms? Might not absorbing or occulting matter in, 
spiral, apparently an attribute of many of they 
produce a bifurcated structure, similar to that of 
our Milky Way as seen in the night sky of th 
northern summer? Might not the central thicke 
nucleus of the spiral be actually invisible, save 4 
to its two outermost segments, just as in the doubk 
section of our Milky Way we may be seeing mer 
the outermost segments of its thickest part? Or, it 
may be that an observer in one of the distant spiral, 
by virtue of prevailing obstructions in his line of 
sight, would not see the spiral nucleus at all, as we 
may possibly, though not probably, be prevented from 
seeing the nucleus of our system. Astronomers knov 
that the appearance of our Milky Way, as to its 
outlines and densities, is profoundly influenced by 
obstructing material which interferes with our view of 
it. The apparent division of our Milky Way strce- 
ture at its widest parts is thought to be due to the 
presence of invisible obstructing materials, in vas 
quantities. 

Curtis’s Crossley-Reflector photographs of severtl 
dozens of spirals which are strongly inclined to the MijPerh 
line of sight show what appear to be absorption or Hit th 
obstruction effects in essentially all cases. Thest irate 
effects in some spirals persist right up to the central Hijmore 
nuclei: the halves of a few such nebulae, thought (ior e 
be the halves nearest to us, are reduced in brightness Mijealli 
as if a considerable share of the radiations whith Mithat 
would otherwise have come to us from those hem ijabod 
spheres were cut off by obstructing materials. |f Hijeam 
such an obstructing system, perhaps preferably # 
occulting system, prevails on and near the periphery 
of our stellar system, an occulting structure of col 
siderable thickness existing not only in the plane o 


3 These distances and dimensions do not differ great!) 
from those arrived at several years ago, by Curtis aud 
others, from the observed magnitudes of the novae d# 
covered in the spirals. 
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of they 1¢ Milky Way but extending out at right angles to 
ameter MM considerably farther than the radiating stars ex- 
nd they. lond—as seems to be the case in some of the oblique 
iMension, pirals referred to—then we should not be able to 
‘Probably Mo faint objects, such as spiral nebulae, in the di- 
10,000 fim tion of the Milky Way, or on or near its borders. 


ow this is exactly in accord with the facts of obser- 
ation. With the Crossley Reflector, Keeler showed 
nat there are certainly many tens of thousands of 
ebulae in the heavens, which have the general form 
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OF occult 
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irregily Mf spiral nebulae. Though Hubble’s photographs 
king oy MMvith the 100-inch reflector of Mount Wilson have 
it not the Mailed to show spiral structure in many of these 
) the star MiMychulae, their spectra seem to resemble closely the 
> obser MMenectra of spirals. They are extremely plentiful 
Way Min a large region of the sky which contains the north 
)W cloud Mole of the Milky Way, that is, in the region farthest 
itter ing MMtrom the Milky Way, and they are plentiful in a 
of then, Miyery large region surrounding the south pole of the 
that of MNMilky Way; but as the sky areas photographed are 
of the MiMeloser and closer to the Milky Way, the numbers of 
thicke {iMiepiral nebulae recorded grow smaller and smaller, 
save a Mand before the Milky Way structure is reached the 
@ double MiMepirals cease to show at all. In the direction of the 
> merely MMilky Way background, which covers a pretty large 
Or, it prea of the sky, not a single spiral nebula has ever 
spiral, Mibeen observed. 
line of Shapley’s studies of the distances of many globular 
l, a8 ve Mstar clusters in the Milky Way, which are prevailing 
ed frou MiMelose to its central plane and may therefore be as- 
rs knov sumed to be component parts of our stellar system, 
3 to its MMhave led him to the conclusion that even if the most 
iced by Mdistant clusters are on the actual periphery of the 
view of system the radius of our stellar system must be of 
y Struc Miithe order of 150,000 light years. The presumably 
- to the Searest spiral nebulae are nearly a million light years 
in vas [jaway, and we have no apparent means of telling how 





ar away are the ones with angular diameters so small 
hat they are difficult to distinguish from single stars. 
Perhaps it is too much to expect that the greatest 
df the spirals should be our nearest neighbors; at any 
ate it is not difficult to imagine that some of the 
nore distant spirals have linear diameters equaling 
br exceeding the diameter of our stellar system. Re- 
alling, from the theological history of the world, 
hat man always started out with the idea that his 
nbode was the center of the universe, and later be- 
ame more humble, it would be surprising if our 
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‘It is an interesting fact that whereas Shapley viewed 









iphery Hm ., . 

+ oa ith disfavor the island-universe interpretation of spiral 

sae of nebulae, and Curtis was unable to accept Shapley’s 
“mensions of our stellar system, Miss Leavitt’s formula 

greatly Mtor the period-luminosity relationships in Cepheid vari- 

is aul HPble stars, after modification of its constants by 

ne dit MPhapley, was used by Hubble to establish the island- 







nuiverse dimensions of the spiral nebulae. 
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stellar system should prove to be unique either in 
kind or in size. It would be astonishing indeed if 
our thin and flat stellar system had tens of thousands 
of spiral attendants to the right of it, and tens of 
thousands of spiral attendants to the left of it but 
none in front of it, none in or near any extension of 
its principal plane. 

The motions of the spirals seem also to free them 
from the charge that they are retainers of our stellar 
system. Slipher has found them to have uniquely 
high radiai velocities; from 300 km per see. approach 
up to 1,800 km per see. recession, for 43 observed 
nebulae not in our stellar system; 24 of them show- 
ing detailed spiral structure and the remaining 19 
the general forms of spiral nebulae. Although other 
conditions than the radial velocity of the light source 
as a whole are known to displace spectral lines from 
their normal positions, there seems now to be no in- 
clination to doubt that the large displacements ob- 
served by Slipher are chiefly and perhaps wholly 
Doppler-Fizeau effects. 

Following the methods employed for determining 
the motions of the solar system from radial velocity 
data for the surrounding stars, Lundmark has deter- 
mined the motion of the solar system with reference 
to the 43 spirals as a system. He obtained a velocity - 
of 401 km per sec. Naturally the solution, depending 
upon very limited data, is of limited weight, but ac- 
cepting the solution at its face value it says that with 
reference to the 43 spiral nebulae, considered as a sys- 
tem at rest, the sun and its group of neighboring 
stars comprising our naked-eye system, and perhaps 
representing fairly well our entire stellar system, is 
travelling with a speed of about 400 km per sec.—a 
speed of the same order of magnitude as the radial 
velocities possessed by many of the 43 spiral cbjects 
themselves. Even as to its speed our stellar system 
appears to conform to the spiral type. Should it 
appear in the sequel that the extremely distant spirals 
have actual radial velocities lower than those ob- 
served, because a curvature of space, conforming to 
the Einstein theory of relativity, would have the effect 
of adding to their apparent velocities of recession, the 
percentage of change required in the dimensions I 
have quoted should be low. 

Referring to dynamical conditions within the 
spirals: why have they developed into their present 
state, and how do they maintain their strange forms 
in the face of strong central gravitational attraction? 
The comprehensive answer is, they are in rapid rota- 
tion. Jeans and others, making profound studies of 
these objects, have come to this conclusion. In fact, 
as noted above, one has but to look at the photographs 
of the brighter and larger spirals, including those 
viewed obliquely as well as those seen edgewise and 
in full face, to obtain the conviction that this is so. 
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The measures by van Maanen have appeared to show 
rapid motion outward along the spiral branches for 
the matter composing the branches. These van 
Maanen components of motion apparently include 
such other components as arise from the relatively 
rapid revolution of the several measured points 
around the centers of the spirals. But as my pur- 
pose is not to diseuss the mechanics and dynamics 
of spirals, except in a most general and limited way, 
I do not attempt to interpret the measures made by 
van Maanen, in the light of apparently conflicting 
results obtained by Curtis, Ritchey, Lundmark, Hub- 
ble and others. My question is, assuming the com- 
position of the spirals to be chiefly stellar, with each 
nuclear mass a group of stars widely separated, in 
what orbits do the individual stars move? Is it not 
possible that the stars in any one great group are 
not totally free to depart from their group, and are 
not free to describe elongated elliptic orbits around 
the center of mass of the spiral, except as fortuitous 
perturbations may free a star now and then from the 
serious and perhaps commanding influence of its 
group? The general form of orbit described by a 
star at a great distance from the center may resemble 
a circle, in response to the rotation of the entire spiral 
body; but it would be surprising if a great number 
of stars composing one of the nuclei in a spiral arm 
should not develop their own system of motions, in 
response to the conditions of equilibrium. If the 
principal dimensions of a spiral are a few tens of 
thousands of light years, the thickness of some of its 
more or less isolated masses may be several thousand 
light years, and the stars composing such a mass may 
well have their local system of orbital motions, very 
much as Jupiter and his three outermost moons have 
their local system of motions, though subject to large 
perturbations from the differential attractions of the 
sun, while revolving around the sun. 

But to come back to our own system: How has it 
happened that our system, so enormous in its Milky 
Way dimensions, is relatively so thin and so flat? It 
is at least as thin, relatively, as any spiral thus far 
observed in an edgewise position. Must it not have 
developed with the accompaniment of high rotational 
speed? Or if formed, and in the absence of rotation, 
could its stellar cloud forms have avoided dissolving 
or collapsing? Answers in favor of a rotation of the 
system, now and throughout the history of its de- 
velopment, seem to me natural, and reasonable, and 
I am tempted to say necessary. We all incline to 
the opinion that the developments of the individual 
stars have covered several thousands of millions of 
years. For the Milky Way structure to form, to 
endure through long ages, and to present no recog- 
nizable signs of collapsing, it must be in a state of 
equilibrium; and equilibrium in such matters, to the 
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best of our knowledge, means a rotation of the 
tem around an axis through the effective cente, i 
mass of the system. For.a system so vast as ty iy 
distances, and with so low a distribution of material 
throughout its extent, an extremely slow speq i 
rotation would be called for: Poincare has estimate) 
that an angular speed of a few tenths of a seg 
of are per century would suffice to maintain eqniij, 
rium. The observed proper motions of the sty 
have been utilized by half a dozen astronomer j 
efforts to uncover the first indications of a rotatioy 
effect. Out of eleven such results, six indicated my, 
tion of the stellar system toward the east and fy 
rotation toward the west, all being at exceedingly sly 
rates. We may therefore say that the evidence py, 
sented by them is negligible. Charlier has found thy 
the line of intersection of the invariable plane of ty 
solar system with the central plane of the Milky Way 
is apparently shifting easterly amongst the stars ly 
0.35 second of are per century. A literal interpn 
tation of this result favors a rotation of the Mily 
Way system westerly at the slow rate quoted. Tk 
subject is an extremely difficult one and the discoven 
is for the future to make. 

We do not know, I must confess, that our stellx 
system is now a spiral nebula, or that it is the d 
veloped product of a spiral of ages past, but it dow 
seem to have most of the known attributes of a spin 
The motions of our naked-eye stars are in such dire 
tions and of such speeds in general that their velocity 
components in the plane of the Milky Way are large 
than their components at right angles to that plan 
as perhaps we should expect, but the latter comp 
nents are relatively much larger than we should expec, 
or have succeeded in explaining, on the suppositio 
that we are dealing with motions in orbits which have 
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the effective center of the great stellar system in (Ie i}. 
near their foci. There are many other perpleim i .») 
facts brought to light when we attempt to determi IR j;, 
the elements of the solar motion with reference "B® +}. 
groups of stars having different spectral classes, "IRR oy; 
very different absolute magnitudes, or velocities (IB oct 
very different orders of magnitude. It is quite pow ;, | 
sible that the wide variety of results for the motif {,,, 
of the solar system with reference to the differ RR fo, 
groups of stars mentioned, as obtained by Stromber i ch. 
and others, and likewise the fact that the velocity dot 
components at right angles to the plane of the MIN IRP ter, 
Way seem unduly large, will find easier explanatio BR cir, 
if the observed stellar velocities are in some deste off, 
local effects. Our sun and our naked-eye stars ate sol 
our neighboring stars in general to the number “IM sta: 
many millions may compose a veritable star cloud RS circ 
with resemblances to those observed in our srt! - 
Milky Way structure, and possibly such as the m0" wa 








or less isolated masses of stars which apparently £ 
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» make up & typical spiral nebula. We do not 
ctually know that the density of distribution of stars 
, our region of the stellar system is less than it is 


Mater , some of the distant Milky Way cloud forms. If 

Speed a nur sun and our neighboring stars are members of a 
estimate ‘ch local group of stars the mass of the group as a 
8 Secon BE ole may be sufficient to account for an appreciable 


in equilih 


»mponent of the motions which we have observed; 


the stay mit I must confess that this is carrying the specula- 
—— ive spirit very far indeed. Fortunately such specu- 
aoe ations need do no harm, and they have been known 
A Tot. 


9 do good. 
I have speculated concerning our stellar system as 


, spiral nebula, partly as a guard against the assign- 
ing of undue weight to the deduced motion of our 


and fing 
ngly sloy 
ence pr 


nay: olar system. The speed and direction of the sun’s 
— of th motion, as here determined, may or may not hold 
Ulky Wry good for the stellar system as a whole. If our local 


one group of stars to which the solution refers composes 
tnterpa but a small part of one of the isolated masses in a 


he Milly typical spiral, a knowledge of our motion with refer- 
a Th ence to the observed group of 2,034 stars may not 
Scovel} HES tell us much concerning our motion with reference to 


the spiral as a whole. And if our stellar system is 
stele not a spiral, but on the contrary a non-rotating, fairly 


the de symmetrical system, we should likewise be modest in 
nel dog drawing conclusions as to where our tour amongst 
ee the stars is going to carry us, and when we may ex- 
e . 


; pect to return. Shapley may be approximately cor- 
velocity MRS rect in his estimate of 300,000 light years for the 
¢ large MR diameter of our system, and there may be merit in 
t plant IRS his surmise that our present place of abode and travel 
comp" IES is in a locality situated about 60,000 light years from 
expec, the center of the system, which center, he suggests, 
posititt RS is in the rich Milky Way region of Sagittarius. Now 
ch har the 2,034 naked-eye stars upon which our solution for 
nm in “the solar motion depends are nearly all within a 
plexing MB sphere of radius 500 light years having our sun at 
termint R its center, and certainly there were no stars used in 


a the solution which are as much as 1,000 light years 
“m y away. If we represent the stellar system in its great- 
ti 







est dimension by a circle, assuming that its radius 


Ve PRES is 150,000 light years, and if at some point about 


molt two fifths of the way from the center to the circum- 
fferea ference we draw with radius 1,000 light years, we 
imnbert shall find that this latter circle is little more than a 
a dot upon the picture. If we represent the stellar sys- 


tem by a circle 300 inches, or 25 feet, in diameter, a 
circle within it only 2 inches in diameter would in 
effect contain the 2,034 naked-eye stars used in our 
solution, and the overwhelming majority of these 


nation 


degre 
rs and 


f Makeg eas ; 7, 
ber ; | stars would lie within the central 1 inch® of the 2-inch 
elou circle, 
grest - 
“more Assuming, with Eddington, a density of 10 stars, 


] each equal to our sun in mass per sphere of diameter 
Hy go 33 . b 
light years, a sphere 1,000 light years in diameter 
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We know to a degree of accuracy quite satisfactory 
our sun’s motion with respect to a system of 2,034 
stars, nearly all giant stars, in our own neighborhood. 
The elements of the sun’s motion as here determined 
may be, and probably will prove to be, also quite 
satisfactory with reference to a vastly greater group 
of stars. That remains to be determined. We can 
report progress and feel assured that future astron- 
omers, equipped with more powerful instruments and 
probably with more effective methods, will carry on 
with stars continually fainter and more distant. It is 
by the taking of such successive steps that great prob- 
lems of this kind eventually reach their solution. 

W. W. CampBELL 

UNIVERSITY OF CALIFORNIA 





WHAT IS THE SIGNIFICANCE OF 
TRANSPIRATION? 


A LARGE number of research experiments have been 
carried on dealing with various phases of the subject 
of plant transpiration, and botanical literature on the 
subject is voluminous. Most of these experiments 
have been directed towards a determination of the 
amounts of water lost by plants and the factors, both 
internal and environmental, which affect the rate of 
this loss. It is rather surprising how relatively few 
have been performed to determine the possible func- 
tion of transpiration or its influence on the various 
life processes of the plant. From an inspection of the 
literature and text-books in botany and allied subjects 
and from conversation with many teachers and ad- 
vanced students of botany it is evident that many have 
given little thought to its significance or they have 
assumed certain functions without critical examination 
or thought. I have found that opinions as to the pos- 
sible value of transpiration to plants vary all the way 
from those which assume that transpiration results in 
benefits on a par with those resulting from photosyn- 
thesis and respiration to those which ascribe to trans- 
piration practically nothing but harm. Opinions ob- 
tained from a large number of advanced students in 
botany, students who have had their early botanical 





would correspondingly contain 270,000 unit stars. A cir- 
cular disk of space 300,000 light years in diameter and 
10,000 light years thick, would similarly contain more 
than 300,000,000,000 unit stars! We do not seem to be 
in possession of any facts of observation suggesting that 
our most powerful telescopes, employed in the manner 
which enabled them to photograph the most distant star 
clusters used by Shapley in estimating the diameter of 
our stellar system, would record more than 3,000,000,000 
stars in the system. Are there really good reasons for 
thinking that the star clouds, or the stars distributed 
with the same order of frequency as observed in the 
sun’s neighborhood, extend out even to half the distance 
of the farthest globular clusters thus far observed? 
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training in many different institutions, indicate that a 
distinctly large majority consider that transpiration 
is primarily beneficial to plants and results in rela- 
tively ilttle if any injury to them. 

In order that there may be no uncertainty with re- 
gard to terminology, transpiration as here used will 
mean the loss of water in vapor form from the plant. 
Since this loss of water by transpiration may have 
many distinctive effects on the plant, it may facilitate 
consideration of them if they are classified under dif- 
ferent heads as follows: 


(1) EFFECTS RESULTING FROM THE INFLUENCE OF 
TRANSPIRATION ON THE WATER CONTENT OF 
THE PLANT 


(a) Since water lost by transpiration can not be in- 
stantaneously replaced there must always be at least a 
slight reduction of the water content and therefore a 
reduction in turgor. The slight reduction in water 
content will probably have little influence on the vari- 
ous processes of the plant if there is plenty of water 
available in the soil and the rate of loss does not 
greatly exceed that of absorption, but commonly the 
loss does exceed absorption and, especially when the 
soil moisture is somewhat deficient, this reduced turgor 
results in an appreciable check in growth even when 
no wilting is apparent. Under conditions when the 
soil moisture is deficient or when there is plenty of 
water in the soil but transpiration is excessive as on 
hot, sunny and windy days, this loss through transpi- 
ration is almost sure to result in a distinct check in 
growth and even causes many plants to die. Smith? 
has given a table of estimates which indicate that most 
crop plants suffer more from deficient water than all 
other factors combined. 

The only conditions under which this reduced tur- 
gor may result in benefit to the plant would seem to 
be when the turgor is so high as to cause rupture or 
other injury to the tissues. This has occasionally been 
observed with certain fruits during excessively wet 
weather, but it seems that the possible occasional bene- 
fit resulting from such reduction is many times offset 
by the commonly injurious results of reduced water 
content. 

(b) Several observers have found that when the 
water content of the leaf is reduced the stomates often 
close even before apparent wilting takes place. Loft- 
field? found that during periods of drought the sto- 
mates may remain closed much of the day, often clos- 
ing an hour or two after sunrise. This closure of 
stomates, whether wilting takes place or not, would in 


1 Smith, J. W., ‘‘ Damage to Crops by Weather,’’ U. 8. 
monthly weather review, 48: 446, 1920. 

2 Loftfield, J. V. G., ‘*The Behavior of Stomata,’’ 
Carnegie Inst. Wash. pub., 314, 104 pp., 1921. 
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all probability distinctly reduce the rate of entrang 
of CO, and therefore interfere with Photosynthe, 
The high sugar content resulting from the loss ¢f 
water would also tend to reduce Photosynthes, 
Iljin* has reported a reduction in Photosynthesis , 
50 to 78 per cent. in wilting leaves, and Thoday: }, 
reported reduction of from 30 to 90 per cent. in leayg 
having deficient water. Though this reduced pho, 
synthesis would not immediately reduce growth, jy 
the actual sugar content at the time is probably yg, 
ally high, yet the total sugar made would be go » 
duced that when water again becomes more abunday 
the loss can not be made good. This effect of reduc 
water content resulting from transpiration is «gj, 
dently primarily harmful. 

(c) Any marked reduction in water content of, 
tissue commonly results in a change in its compositio, 
With some plants the sugar content of the leaves jy. 
creases to a marked extent. There may be an accum». 
lation of pentosans, a change in the form of proieii 
and of other eompounds both organie and inorganir 
The types of such changes that oceur probably var 
greatly with the kind of plant, its stage of growth ani 
also with the environmental factors. Whether then 
sults are beneficial or harmful there is too little ev. 
dence to say. One possible benefit of such changed 
composition is that it makes some plants more 1. 
sistant to injury from freezing. Plants frequently 
exposed to freezing weather might therefore be ben 
fited by transpiration, but relatively few plants ar 
exposed to freezes during the growing season ani 
some of them seem to be just as resistant, whether 
transpiration has been rapid or slow. The check t 
growth resulting from high transpiration may ls 
make a plant somewhat more resistant to injury du- 
ing periods of drought, but one would hardly be jus 
tified in concluding that transpiration is for this 1«- 
son beneficial unless one were justified in saying thit 
typhoid is good for people because, if they survive, 
makes them more immune to typhoid. 

(d) It is sometimes suggested that the cheek in veg- 
etative growth caused by excess transpiration may 
hasten maturity and thus enable the plant to escapt 
early frosts. Very little direct evidence is available 
on this point. It seems that after a plant is wel 
grown the check due to high transpiration might has 
ten maturity, but I know of no positive evidenct 
showing this. There is some definite evidence aval: 


8Iijin, W. S., ‘‘Der Einfluss des Wassermangels auf 
die Kohlenstoffassimilation durch die Pflanzen,’’ Flor, 
16: 360-378, 1923. 

4Thoday, D., ‘‘Experimental Researches on Végt 
table Assimilation and Respiration. VI. Some Exper 
ments on Assimilation in the Open Air,’’ Proc. Roy. 80, 
London, 28B: 421-450, 1910. 
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entra Mllmmmple, however, showing that drought, at least in the 
SYnthe Marly stages of growth, distinctly delays maturity. 
© loss yfBuch data have been obtained by Miss Kibbe® for 
SYuthes lustard, beans, beets, barley and sweet alyssum and 
ithesis ¢ iby Thompson® for celery. 
rday* hy 
in Jeary 9) EFFECTS RESULTING FROM A MOVEMENT OF WATER 
d photp, INTO AND THROUGH THE PLANT 
wth, fy (a) A function frequently ascribed to transpira- 
Ly uy. ME on is that it is supposed to increase the amount and 
e 80 tp nte of absorption of nutrients from the soil. It is 
bundany erally recognized that the soil solution is very 
reduce MMMilute and it is therefore natural to assume that rapid 
18. ey) ranspiration, by increasing the amount of this dilute 
lution absorbed and passing off the excess water, 
nt of; Mwould correspondingly increase the intake of the 



































Osition MMyeeded salts. From theoretical considerations, how- 
Aves in. Miever, it is evident that solutes and solvent may move 
‘ccum through membranes independently. Within recent 
Protey Meyears a number of experiments have been carried out 


which tend to show that the amount of solute absorbed 
by plants bears no direct relation to the amount of 
water absorbed and lost through transpiration. 


Tganie, 
Ly vary 
rth and 


the r. H¥Muenscher? has summarized some of this evidence and 
‘le evi Mhas also given additional evidence which shows pretty 
hangel Miclearly that transpiration by causing a movement of 
re re Mwater into the plant has little or no influence on the 
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absorption of salts. It seems probable that whatever 
effect transpiration may have on salt content results 
hiefly from its effect on the water content of the 
issue and thereby on the types of chemical reactions 
occurring there rather than because its absorption 
mechanically affects salt absorption. Some have sug- 
gested that these effects would be different with ines- 
sential salts than with essential salts. Such a differ- 
ence resulting from a mechanical flow of water is 
however hardly conceivable. Any differences in ash 


' thit JPanalyses observed could better be explained as result- 
ve, it Ming from the effects of a changed water content of the 
tissue on the types of chemical reactions occurring 
veg: Me there and therefore on the absorption and accumula- 
may fe tion of certain ions. 
cape (b) Though a number have come to realize that 
fable $Menutrient absorption is practically independent of 
well J Water absorption it is almost universally claimed that 


has- fe transpiration is essential for or at least plays an im- 


oe ‘Kibbe, Alice L., ‘‘Effect of Water Content of Soils 
. on Relative Root and Top Growth of Plants,’’ Thesis 
- for M.S., Cornell, 1920, not published. 

‘Thompson, H. ©., ‘* Factors influencing Early De- 
velopment of Seed Stalk of Celery,’’ Proc. Am. Soc. for 
Hort. Sei., 1928, 219-294. 

"Muenscher, W. C., ‘*The Effect of Transpiration on 


the Absorption of Salts by Plants,’’ Amer. Jour. Bot., 9: 


1 TB 311-399, 
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portant part in transferring soil nutrients from the 
roots to the leaves. If the rate of removal of nutri- 
ents from the roots were largely determined by trans- 
piration, then, since the removal of the solutes from 
the absorbing organ should increase absorption, in- 
creased transpiration ought to increase the absorption, 
but it evidently doesn’t. Muenscher actually found 
on the other hand that plants with high transpiration 
rates induced by light had less ash in the tops and 
more in the roots than did those plants with low trans- 
piration. 

Still more conclusive evidence tending to show that 
transpiration has little effect in hastening the transfer 
of ordinary solutes I have reported in reeent papers® 
on the tissues concerned in translocation. This evi- 
dence, though perhaps not conclusive, at least clearly 
indicates that upward movement of solutes occurs 
chiefly in the phloem tissues. If solutes move upward 
chiefly through the phloem and are not carried in the 
water stream, the rate of transpiration can have little 
direct effect on their movement. 


(3) EnrerGy CHANGES RESULTING FROM THE CHANGE 
oF WATER FROM LIQUID TO VAPOR 


The change in the physical state of water from 
liquid to vapor results in an absorption of an appre- 
ciable amount of heat, for its heat of vaporation is 
very great. The water vaporizing within a leaf there- 
fore must tend to lower the temperature of the leaf. 
The absorption of light by leaves has been found to 
raise the leaf temperature considerably. It has been 
repeatedly shown that leaves exposed to bright sun- 
light may have a temperature of from 5 to 10 or, 
under special conditions, even 20 degrees centigrade 
above the air temperature. Tests have indicated that 
many kinds of leaves if exposed to temperature of 50° 
C or above for a few minutes are apt to be killed. 
If, therefore, the air temperature is fairly high, there 
is a possibility that the leaf may become so heated as 
to be injured or even killed. Realizing how hot some 
dark objects become when exposed to direct sunlight 
and knowing that transpiration has a cooling effect it 
has naturally been assumed that transpiration plays 
an important réle by keeping the leaves cool. It has 
recently been found, however, that transpiration does 
not have as great a cooling effect as commonly sup- 


8 Curtis, O. F., ‘‘ The Upward Translocation of Foods 
in Plants. I. Tissues concerned in Translocation.’’ 
Amer. Jour Bot., 7: 101-124, 1920; ‘‘ The Effect of Ring- 
ing a Stem on the Upward Transfer of Nitrogen and Ash 
Constituents,’’ Ibid., 10: 361-382, 1923; ‘‘Studies on 
the Tissues concerned in the Transfer of Solutes in 
Plants. The Effects on the Upward Transfer of Solutes 
of cutting the Xylem as compared with that of cutting 
the Phloem,’’ Ann. Bot., 39: 573-585, 1925. 
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posed. Miller, on measuring the temperature of 
leaves by the use of thermocouples placed on their 
surfaces, has found that transpiration reduces the tem- 
perature of leaves by only 1 to 5° C and Clum,?° on 
measuring the temperature of leaves by the use of 
thermocouples inserted into the leaf, has found that 
leaves in which transpiration was practically stopped 
by vaselining or withholding water rarely had tem- 
peratures that exceeded the normally transpiring 
leaves by more than 2 to 4° C. Air currents, the 
angle at which the leaf was exposed to the sun and 
the intensity of sunlight had effects on the temperature 
of the leaf greatly in excess of any cooling effect of 
transpiration. In no case even in direct sunlight on 
the hottest days did the temperature of the leaves ap- 
proach the danger point when the plants were exposed 
to normal atmospheric conditions, even when trans- 
piration was checked. The rapid loss of heat by con- 
duction to the atmosphere seems sufficiently effective 
in preventing excessive heating. 

The available data, therefore, indicate that the 
beneficial effects of cooling by transpiration have 
been greatly exaggerated, as the evidence seems to 
show that transpiration rarely lowers the temperature 
more than 2 to 5° centigrade. In fact the injury to 
plants that frequently oceurs on hot days seems to 
be due chiefly to the injurious drying effects of trans- 
piration itself. Transpiration therefore seems to be 
more harmful than beneficial on hot days when the 
cooling effects are most needed. It is notable that 
commonly those plants best adapted to hot regions 
are those which have modifications tending to reduce 
transpiration rather than those which favor it. 


(4) EFFECTS RESULTING FROM A REDUCTION OF THE 
WATER CONTENT OF THE SOIL 


Data from many sources are available showing that 
the water content of the soil is often appreciably de- 
creased as a result of transpiration from the crops 
growing there. If the soil is so wet that root growth 
and activity are interfered with this type of drainage 
would probably be distinctly beneficial, but there is 
evidence which indicates that, if the soil has too much 
water, absorption is interfered with and therefore 
this type of drainage would not take place when 
most needed. That removal of water from the soil 
by transpiration often results in injury to the plants 
growing there is substantiated by abundant evidence. 


® Miller, E. C., and A. R. Saunders, ‘‘Some Observa- 
tions on the Temperature of the Leaves of Crop Plants,’’ 
Jour. Agr. Res., 26: 15-43, 1923. 

10Clum, H. H., ‘‘The Effect of Transpiration and 
Environmental Factors on Leaf Temperatures,’’ Thesis 
for Ph.D., Cornell, 1924. In press. 
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(5) EFFECTS OFTEN FALSELY ASCRIBED 10 
TRANSPIRATION 


' Though it might seem a waste of space to discus, 
false interpretations for which there are practically 
no grounds of support, it does seem worth while 
touch briefly on a few of the points, for some of them 
are so frequently cited as functions of transpiratio, 

(a) It is surprising how frequently students, an) 
teachers also, suggest that transpiration supplies , 
plant with water, or supplies the leaves with wate 
for photosynthesis, or keeps the cells wet. Such, 
statement has even crept into a recently publish 
and very reputable college text in botany. The water 
lost from leaves or from the plant as a whole tenk 


_ to be replaced by more water entering the roots or 


rising though the stem. There is always, however, 
more or less of a lag in this replacement, and it js 
hardly conceivable that loss from the leaves can jp. 
crease the supply to them. 


(b) Students frequently have the idea that “fresh”. 


water is needed. The only benefit that changing the 
water could have would be that “fresh” water con. 
tained solutes, either gaseous or otherwise, or that 
the water lost in transpiration carried solutes with it, 
As previously discussed, however, the available evi- 
dence seems to refute this. 

(c) It is also often suggested that transpiration 
keeps the stomates open or that it hastens photosyn- 
thesis and respiration. There is, however, no evidence 
for such statements. 

(d) It is sometimes stated that the poor or weak 
and succulent growth which occurs during cloudy and 
rainy weather is due to insufficient transpiration. It 
should be remembered, however, that this weak and 
succulent growth is probably due not to deficient 
transpiration but to the fact that photosynthesis has 
been very much reduced from lack of light. It may 
be that this failure to distinguish between the effects 
of high humidity and those of low light intensity ac- 
eounts for the prevalent idea that drought hastens 
maturity and that moisture delays it as mentioned in 
paragraph (d) under the first heading. An unusually 
wet season at the time the plant approaches maturity 
is apt to be accompanied by low light intensity and 
perhaps low temperature which, through their effects 
on food manufacture, may account for the delay i 
ripening. If, on the other hand, the season is drier, 
there is a greater likelihood of higher light intensities 
and temperatures which, independent of their effects 
on transpiration or the water supply, may hasten ma 
turity. 

In reviewing the available evidence on the possible 
influences of transpiration on the life processes of 4 
plant it seems that there is little evidence to support 
many of the supposed benefits and in fact consider- 
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able evidence tending to show that transpiration very 

frequently results in considerable harm and rarely if 

ver has any appreciably beneficial influence. When 

,e water supply is adequate and transpiration is not 
xcessive it probably has little influence on the life 
processes, but as is so very frequently the case the 
rater in the soil is deficient or transpiration is ex- 

essive. 

The question may naturally be raised as to why, if 
transpiration 18 harmful, natural selection has not 
dliminated it. This might be answered by saying that 
many types of modifications do occur tending dis- 
tinctly to reduce transpiration, and that in many re- 
gions plants could not exist without these modifica- 
tions, but that green land plants could not entirely 
eliminate transpiration and continue to carry on the 
essential process of photosynthesis, because for photo- 
synthesis moist cell surfaces must be exposed to the 
atmosphere to allow for the absorption of CO, and 
the elimination of O, and wherever moist cell surfaces 
are exposed to the atmosphere transpiration must nec- 
essarily occur. 

I do not advocate that teachers and text-books 
should dogmatically state that transpiration is pri- 
marily harmful and rarely if ever beneficial. I merely 
wish to point out the fact that statements to the con- 
trary are frequently made and, though many teachers 
and text-books state that transpiration is probably a 
necessary evil rather than an advantage, my experi- 
ence has shown that a large majority of students 
from many different institutions have the idea that 
transpiration is essential and primarily beneficial. 
Usually, however, they can offer but few reasons to 
uphold their conclusions. Transpiration is one of the 
most obvious and easily demonstrated processes, and 
it seems that usually, especially in courses in general 
botany, more experiments are performed and more 
discussion is taken up with various phases of trans- 
piration than with any other one process. Often, how- 
ever, little attention is given to its significance and 
because of such study the student without giving much 
thought to ‘it is led to assume that transpiration is a 
primary function of plants, as is photosynthesis or 
respiration. That various other physiological proc- 
esses, especially respiration, are sometimes studied 
with almost as little thought with respect to their 
possible functions or significance is also evident. 

Otis F. Curtis 

LABORATORY OF PLANT PHYSIOLOGY, 

CORNELL UNIVERSITY 





THE NAPLES ZOOLOGICAL STATION? 
Recent reports from the Naples Zoological Station 
indicate great progress in the development of its 


7 An article on the reorganization of the zoological 
station was published two years ago in this journal, 
Vol. LIX, No, 152, February 22, 1924. 
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work since the reorganization in 1923-24. At the 
time Dr. Reinhard Dohrn resumed the directorship, 
after the inter-regnum caused by the war, most of 
the subscriptions for working-tables made by foreign 
countries had lapsed, the only tables still maintained 
being those of Italy, Belgium and England. Since 
then eight additional countries have resumed their 
ante-bellum subscriptions, namely, Russia, Japan, 
Austria, Hungary, Poland, Switzerland, Germany and 
the United States. The total number of tables has 
thus increased from 18 to 45, and a further increase 
is probable this year by subseriptions from other 
countries. During 1925 more than 100 biologists 
worked at the laboratory, nine of them Americans of 
whom several are now in residence at the station, 
while other applications have been received. An im- 
portant factor in the recent development of the work 
at Naples has been a considerable grant from the 
international education board, used in part to estab- 
lish traveling scholarships for the benefit of investi- 
gators from various countries who without such aid 
would have been unable to work at the laboratory. 
Information from various sources, including Dr. 
Dohrn himself, agree in showing that research at the 
laboratory is now progressing satisfactorily and that 
the station has gone far towards becoming once more 
a truly international center as it was before the war. 
This encouraging situation emphasizes the impor- 
tance of maintaining American support of the sta- 
tion. The extraordinary richness and variety of 
marine life in the Bay of Naples, together with the 
excellent equipment and service of the laboratory 
and library, offers unsurpassed advantages for bio- 
logical investigation in many of its branches, above 
all, perhaps, in experimental work; and at least 
equally important is the unique opportunity offered 
by residence at the station for personal association 
with investigators of many nationalities representing 
the most varied interests. The United States is now 
maintaining three tables at Naples, one supported by 
the American Association for the Advancement of 
Science; one by the Rockefeller Institute for Medical 
Research, New York, in memory of Jacques Loeb; 
and one by the Association to Aid Scientific Research 
by Women. At the present moment all these tables 
are occupied, but vacancies will arise in the near 
future and it is also hoped that arrangements may 
be made whereby temporary overlapping of periods 
of occupancy by different workers may be provided 
for, so as to facilitate use of the American tables. 
Applications for use of the American Association for 
the Advancement of Science table may be made to 
Secretary Burton E. Livingston, Smithsonian Insti- 
tution, Washington, D. C.; for the Jacques Loeb table 
to Dr. Simon Flexner, Rockefeller Institute, New 
York City; and for the Women’s table to Mrs. Samuel 
F. Clark, Williamstown, Massachusetts. E. B. W. 
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DR. WELCH AND THE JOHNS HOPKINS 
UNIVERSITY’? 


Mr. President, Ladies and Gentlemen: 

Aumost half a century ago, Dr. Welch entered 
upon the course leading him to the choice of pathology 
as a profession, with the momentous consequences for 
the advancement of medical science and teaching with 
which his name is permanently associated. 

With amazing insight he perceived, while still a 
medical student, the profound part which the new 
cellular pathology was destined to play in the history 
of medicine. Fortunately for us, and aided by un- 
usual natural abilities, he happily directed his atten- 
tion to the mastery of that subject. 

Although at the outset of his medical career he 
made use of the opportunities afforded to perfect his 
training in the clinical branches, he never permitted 
himself to be diverted from his main objective. He 
became, therefore, in due time, an accomplished 
pathologist, possessed of first-hand knowledge of clin- 
ical problems and methods, with which unusual though 
essential combination he entered upon the cultivation 
of the wide field of pathology by anatomical, physio- 
logical, biological and chemical means. 

His forerunners and teachers in America and 
Europe had pursued pathology along particular 
lines—of morbid anatomy, of histology or bacteri- 
ology, or of physiology. It remained for Dr. Welch, 
fortified by the mastery of all these special disciplines, 
to establish in Baltimore, at the Johns Hopkins Uni- 
versity, a school—the first of its kind—in which all 
these branches should be united and blended into a 
school of pathology as broad and complete as the 
subject itself. 

For this remarkable undertaking, Dr. Welch was 
well equipped by nature. Having inherited a mind of 
extraordinary vigor, incisiveness and compass, and a 
judgment almost unerring, his studious habits and 
powers of concentration, perfected under real masters, 
quickly yielded him a fund of knowledge, historical 
and recent, covering many scientific and literary sub- 
jects, which he applied with rare skill and charm to 
the teaching of pathology in its particular and gen- 
eral aspects. 

The publications issuing from the pathological lab- 
oratory of the Johns Hopkins University during the 
years of Dr. Welch’s professorate, and the many 
pupils who streamed through its portals, are witnesses 
to the high activity of that temple of learning. The 

investigations carried forward in pathology, bacteri- 
ology and immunology were varied, numerous and 


1 Address given on the occasion of the unveiling of a 
bust of Dr. William H. Welch at the commemoration day 
exercises of the Johns Hopkins University on Febru- 
ary 22. 
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significant; while the men who year by year eceing| 
their training from him now fill the important Chair, 
of pathology in ever increasing numbers. 

Within a generation, through Dr. Welch’s influeng 
pathology in the United States has been elevatai 
from an inconspicuous position in the medica] Cup. 
riculum to the high state to which it is entitle by 
reason of its importance for advancing the knowledg 
of disease. 

As the first member of the prospective faculty af 
medicine of the university, Dr. Welch, in associatiy, 
with President Gilman and the trustees of the yy. 
versity and hospital, had a large share in assembling 
the remarkable group of men who staffed the hy. 
pital and started the medical school, and as dey 
and nestor of the faculty, by his advanced and soi 
educational views, he fostered that extraordinary &. 
velopment which quickly placed the Johns Hopkin 
Medical School in the front rank of eminence. 

Thus, directly by the example of the achievements 
of the medical school, and indirectly through bis 
printed addresses, Dr. Welch became the outstanding 
influence in bringing about the remarkable transfor. 
mation, material and educational, which has take 
place in medical teaching and research in the Unite 
States within the past two decades—changes so pn- 
found and far-reaching as to be almost without 
parallel in history. 

And most wonderful of all, after his retirement 
from the professorship of pathology, Dr. Welch 
organized the School of Hygiene and Public Health, 
which, in boldness of planning and originality of con- 
ception and breadth of execution, stands suprem 
and unique. Possessed of wide knowledge of similar 
institutions existing elsewhere, of the complex founda- 
tions on which the pursuit of hygiene should ret, 
and with sympathetic understanding of the leading 
parts to be played by the newer biology and chen- 
istry in solving public health problems, Dr. Welch 
brought together a remarkable staff which, under tle 
magic of his influence, and within a very few years, 
has, by its performances in many fields, rendered 
the institution world-famous and led to its imitation 
by other fortunate countries. 

As a citizen, Dr. Welch has set a high standard by 
taking part in many public activities, affecting 10 
only the city of Baltimore, the state of Maryland ant 
the United States at large, but also foreign countries 
Many are the projects that have benefited by his wist 
and disinterested counsel. 

On the 8th of April, 1925, Dr. Welch celebrated his 
seventy-fifth birthday. A group of his friends, amon 
whom I am happy to state are numbered the pres 
dent and trustees of this university, desired to cot 
memorate the event in an adequate manner. With bis 
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sual graciousness, Dr. Welch fell in with the plans, 
und, after due consideration, it was decided that the 
purposes and wishes of the group could best be met 
by the execution of a portrait bust, to be presented 
, the Johns Hopkins University and ultimately to 
be placed, if it is deemed wise, at the medical school. 
he university already possesses a portrait in oil of 
Dr. Welch, executed by a great artist. The com- 
mittee, Mr. President, entrusted with the responsi- 
bility, believes that in Mr. Konenkov’s bust of Dr. 

elch a masterpiece of sculpture has been produced. 
It is the hope of the committee that, in the diseretion 
of the president and board of trustees of the uni- 
versity, this bust may be so exhibited that succeeding 
generations without end of teachers and students may 
come to view it. In contemplating its fine features, 
its strength and its wisdom, they will be reminded of 
the great teacher and citizen whose long and noble 
lifes work is being devoted unselfishly, generously 
and kindly, suecessfully and modestly, to the advance- 
nent of knowledge and to the upbuilding of a school 
of medicine and allied sciences which has become a 
model for the world; perchance they will be reminded 
also that in making others strong resides the greatest 
strength and the most enduring happiness. 

Simon FLEXNER 
THE ROCKEFELLER INSTITUTE 
FOR MEDICAL RESEARCH 





SCIENTIFIC EVENTS 


| SITE FOR NEW SOLAR OBSERVATION STA- 


TION OF THE SMITHSONIAN ASTRO- 
PHYSICAL OBSERVATORY 

AccorDING to a statement received from the Smith- 
sonian Institution, Dr. C. G. Abbot, assistant secretary 
of the institution and director of the Smithsonian 
Astrophysical Observatory, has found, near Quetta, 
in British Baluchistan, the most suitable site that he 
has seen thus far in his search of the Eastern Hemi- 
sphere for a place to locate a new solar observation 
station. This new station, to be erected by the 
Smithsonian Institution with funds provided by the 
National Geographic Society, will be the third under 
the direction of the Smithsonian Institution which 
makes daily observations of the variable radiation of 
the sun, the other two being located in Chile and 
California. 

This third station will furnish a needed check on 
the values from the other two, providing a more 
dependable daily value of the solar constant. It is 
hoped that aeeurate long-range weather forecasting 
may become possible as a result of this work by the 
Smithsonian Institution. 

Dr. Abbot has visited the Sahara Desert and India 
and now is on his way to Southwestern Africa. In a 
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letter from Quetta, received by Dr. Charles D. Wal- 
cott, secretary of the Smithsonian Institution, Dr. 
Abbot says: 


From Delhi we made a two days’ journey through a 
sandy desert and up into the barren mountains of Ba- 
luchistan to Quetta. We had expected to find Arctic 
weather in view of the accounts of many informants, but 
Washington winters are far more severe. Unfortunately 
we arrived on the eve of the first considerable rain they 
have had since September, and in the five days since we 
came it has rained or snowed four. The snow was only a 
half inch or so and is now gone at Quetta but the moun- 
tains about are all snow-covered now. 

For the observatory site we have fixed upon Khojak — 
Pass over which Lord Roberts’ army dragged their guns 
in the Afghan war. The railroad now tunnels the pass, 
and a garrison of 2,000 troops holds Chaman about 10 
miles beyond. There are detachments at both ends of 
the 2-mile tunnel. The peak is 7,525 feet high and over- 
looks Afghanistan deserts for a hundred miles, as well 
as the great valley to the east. 

The location selected is wonderfully accessible. The 
military road runs over the pass, and a graded path nearly 
wide enough for autos runs % mile to within a few feet 
of the peak. It will be possible to widen it at small 
expense and thus the observers can live at the eastern 
end of the tunnel in some comfort and ride up to observe 
in about 20 minutes each morning. In a half hour the 
boys can ride to Chaman and in 2% hours to Quetta. 
A three-days’ railroad journey will bring them to the 
most interesting sights of India. 

Quetta has no grass, but many fruit trees. The climate 
is as fine as anywhere in the world excepting only this 
week. Neither too hot nor too cold. 


THE TULSA MEETING OF THE AMERICAN 
CHEMICAL SOCIETY 


THE seventy-first meeting of the American Chem- 
ical Society will be held in Tulsa, Okla., from April 
5 to 8. The preliminary program follows: 


Monpbay, APRIL 5 


Registration bureau opens on sixteenth floor, 
Mayo Hotel. 

Meeting of senate of chemical education, 
sixteenth floor, Mayo Hotel. 

Council meeting—Mayo Hotel. 

Smoker and entertainment—Mayo Hotel. 


10:00 A. M. 
10:00 A. M. 


2:00 P.M. 
8:00 P. M. 


TUESDAY, APRIL 6 


General business meeting—Mayo Hotel. 

General meeting—crystal ball room, Mayo 
Hotel. 

Addresses by: 

D. W. Moffit, vice-president, Mid-conti- 
nent Petroleum Co., ‘‘ Research Oppor- 
tunity.’’ 

Cyrus 8. Arney, highway commissioner, 

‘What Oklahoma has to Offer.’’ 


10:00 A. M. 
11:00 A. M. 
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Response by: 

James F. Norris, president of the Ameri- 
can Chemical Society. 

Divisional general programs by the indus- 
trial and petroleum, the physical and in- 
organic, and the chemical education divi- 
sions at Mayo Hotel. These include 
Symposia on ‘‘Lubrication’’ and on 
‘*Orientation and Segregation as applied 
in Chemical Education. ’’ 

Dinner of petroleum division and other 
group dinners. 

Public Address, ‘‘The Romance of Carbon,’’ 
by A. D. Little, of A. D. Little, Inc., 
Boston. 


2:30 P.M. 


6:00 P.M. 


8:30 P.M. 


WEDNESDAY, APRIL 7 


9:30 A.M. Divisional meetings at Mayo Hotel. 
2:00 P.M. Divisional meetings, continued. 
7:30 P.M. Banquet—Mayo Hotel. 


THURSDAY, APRIL 8 
Excursions. 


All divisions, except the fertilizer, leather and gela- 
tin, rubber and sugar divisions, will meet. The paint 
and varnish section also will not meet at this time, 
but is planning a special meeting in May at a regional 
meeting to be held in Madison, Wis. 

The industrial division and the petroleum division 
will hold on Tuesday afternoon a joint symposium on 
lubrication, with Robert E. Wilson as chairman. 
Contributions from some of the best authors on 
lubrication, both American and foreign, will be pre- 
sented. Papers on special lubrication problems will 
also be included, together with a discussion of lubrica- 
tion theory and practice. Dr. A. E. Dunstan, the 
eminent English author on lubrication, will be present 
and will give at least one paper. The symposium 
will begin Tuesday afternoon and continue through 
Wednesday. 

The divisions of organic chemistry, dye chemistry 
and the chemistry of medicinal products will meet 
in joint session, with the opening session on Wednes- 
day morning. A half day of the session will be 
devoted to a symposium on aliphatic chemistry. One 
of the features of the session with the division of 
medicinal products will be an address by Marston T. 
Bogert, of the National Research Council, on the 
work of his committee on chemical research on medic- 
ina] substances. 

Plans for the division of chemical education at the 
Tulsa meeting include three sessions: First, a sym- 
posium on “Orientation and Segregation as applied 
in Chemical Education”; second, a joint session with 
the section of the history of chemistry, and, third, a 
session devoted to topies of general interest to chem- 
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istry teachers in all branches of the subject. 4 spe 
cial effort is being made to interest the chemi; 
teachers of the southwest and indications point t 
a good attendance and an interesting meeting, 

The divisions of agricultural and food chemistry 
cellulose chemistry and biological chemistry will med 
jointly, and on Wednesday morning, together yij 
the division of industrial and engineering chemistry 
will hold a symposium under the chairmanship , 
David Wesson on the topic of “Chemistry of Cotton, 
Cotton Seed Products and Vegetable Oils.” 

The group of local section chairmen and secretarig, 
with H. N. Holmes presiding and E. M. Billings x 
secretary, will meet at a time to be announced in th 
final program. 

The addresses of the secretaries of the divisioy 
and sections which will hold meetings are as folloys: 


Agricultural and Food Chemistry, C. 8. Brinton, U.§ 
Food Inspection Station, 134 S. 2nd St., Philadelphia 
Pa. 

Biological Chemistry, J. J. Willaman, Universit 
Farm, St. Paul, Minn. 

Cellulose Chemistry, L. F. Hawley, Forest Produc 
Laboratory, Madison, Wis. 

Chemical Education, B. 8. Hopkins, University of Il: 
nois, Urbana, IIl. 

Dye Chemistry, O. E. Roberts, Jr., 813 Ingraham &, 
Washington, D. C. 

Gas and Fuel Chemistry, O. O. Malleis, 333 Melwood 
St., Pittsburgh, Pa. 

Industrial and Engineering Chemistry, E. M. Billing, 
Kodak Park, Rochester, N. Y. 

Chemistry of Medicinal Products, A. W. Dox, Research 
Laboratory, Parke, Davis & Co., Detroit, Mich. 

Organic Chemistry, Frank C. Whitmore, 1812 Chicago 
Ave., Evanston, Ill. 

Petroleum Chemistry, G. A. Burrell, 120 Ruskin Ave, 
Pittsburgh, Pa. 

Physical and Inorganic Chemistry, G. L. Clark, Be 
search Laboratory Applied Chemistry, Massachusetts In 
stitute of Technology, Cambridge, Mass. 

Water, Sewage and Sanitation Chemistry, F. R. Georgia, 
Department of Chemistry, Cornell Univ., Ithaca, N. Y. 

History of Chemistry, L. C. Newell, 688 Boylston St, 
Boston, Mass. 


THE MORDEN-CLARK ASIATIC EXPEDI- 
TION OF THE AMERICAN MUSEUM 


James L. Cuarx, assistant director in charge 0 
preparation at the American Museum of Natur 
History, has sailed for London, from which place lt 
will go to Marseilles to join William J. Morden, of 
Chicago, through whose generosity there has beet 
made possible the Morden-Clark Asiatie Expedition. 

Messrs. Morden and Clark will arrive in Bombay 
about March 19 and will proceed up to Srinagat; 
Kashmir, where they will secure their guides and 
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he balance of their outfit. From Srinagar they will 
oo some 200 miles to Gilgit, then to Hunza in the 
uppermost part of India, arriving about April 15. 
Here they will wait at the foot of the Himalayas 
until the higher and dangerous passes open up enough 
to permit them to go through into the back country. 

The purpose of the trip is a reconnaissance of the 
south-central Asia section and to lay out for the 
future other expeditions to be carried on in localities 
of this country where the short season will not permit 
the expedition to touch at this time. 

Through the generosity of Mr. A. S. Vernay and 
Colonel J. C. Faunthorpe, the museum has received a 
most magnificent collection of the big game of the 
plains of India which is now about complete in its 
mounting. Far to the east, in China, the Third 
Asiatic Expedition of the Museum has collected the 
great game of that country, but in between lies a 
great gap, previously mentioned, which has been un- 
touched and which the American Museum is most 
desirous of closing in so far as its collections are now 
represented. These countries are so large that it 
will take years to complete this work, but the start 
is now being made. 

It is the plan of the museum to show the great 
game of Asia in a series of large habitat groups 
with painted panoramic backgrounds, perfectly ren- 
dered ground work and foliage, in order that the 
mounted animals may be depicted in the natural and 
colorful settings from which they come. This work 
will take years, but, under the direction of Mr. Clark, 
the museum is organizing a large staff of artists to 
carry on this work, which will be done by the most 
modern scientifie methods of mounting and installa- 
tion. 

Photography—both still and motion pictures, taken 
with an Akeley camera, will be a feature of the trip, 
and it is planned to bring back photographic ma- 
terial, not only for the use of the artists in the con- 
struction of these great groups, but also for use in 
the extensive educational program that the museum 
is carrying on for the school children of New York. 
Field notes of many kinds, such as sketches, color 
notes and records, will supplement the photographs 
and other data. 


THE WORLD’S POULTRY CONGRESS 


Pouutry scientists and leaders of the poultry in- 
dustry in every land are looking forward with interest 
to the World’s Poultry Congress, which is to be held 
In Canada from July 27 to August 4, 1927. This 
will be the first international poultry meeting to be 
held in America. It will also represent the most 
thoroughgoing attempt ever made in any country to 
get together at one series of sessions the best thought 
bearing on every phase of poultry husbandry. 
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These congresses, which are held every three years,. 
are planned to accomplish a dual purpose—to bring” 
together the newer knowledge applicable to the pro- 
duction, manufacture, distribution and use of poultry 
products and to increase the interest of consumers in 
a wiser use of these products. The members of the 
various branches of the poultry industry of the United 
States will have a peculiar interest in the coming 
congress because it is being held “next door” and 
probably will not be held on this side of the Atlantic 
for from six to nine years. 

It is believed that the proposed congress will be of 
great value to all participating countries, both from 
a scientific and commercial standpoint, by bringing 
together the leading men of scientific and commercial 
experience for the consideration of all the larger 
problems involved, with the view of making available 
the best information in existence concerning the im- 
portance of poultry, meat and eggs, especially to the 
consumer, as well as the most effective and economic 
method of production, distribution and official regu- 
lation. 


RESOLUTION ON THE DEATH OF CHARLES 
AVERY DOREMUS 


At the meeting of the New York Section of the 
American Chemical Society on January 8, 1926, the 
following resolution was adopted: 


WHEREAS, The members of the New York Section of the 
American Chemical Society have heard with deep regret 
of the death of Dr. Charles Avery Doremus, a charter 
member of the American Chemical Society and of this 
section, and of the Chemists’ Club of New York City, and 

WHEREAS, Dr. Doremus has been for more than fifty 
years an active worker in chemistry, beginning with his 
graduation at the College of the City of New York and 
followed by the degree conferred by the University of 
Heidelberg and Leipzig, and by the teaching of medical 
chemistry and toxicology in Bellevue Medical School in 
New York and in the Medical School of the University 
of Buffalo, and by prolonged service as assistant profes- 
sor to professor of chemistry as successor to his father, 
the late Dr. Robert Ogden Doremus, in the College of the 
City of New York for twenty-two years, and further, after 
his retirement from teaching in 1904, in the practice of 
consulting chemistry in New York City, and in the pub- 
lication of chemical papers, beginning with an article in 
the Proceedings of the American Chemical Society in 
1876, and of later contributions during his life to the 
Journal of the American Chemical Society, and in other 
chemical journals. Therefore, it is 

Resolved, That the influence of Dr. Doremus as a 
teacher and a worker in many fields of chemical interest 
is long to be remembered and that the members of this 
section hereby express their respect for his memory and 
esteem for him as a colleague and as a brother in the 
chemical profession. 

Resolved further, That the sympathy and condolence of 





276 


the members of this section be extended to the relatives 
and friends of Dr. Doremus and that these resolutions be 
recorded in the archives of this section and that a copy 
of the same be presented to the widow of our deceased 
member. 





SCIENTIFIC NOTES AND NEWS 


Tue John Fritz Medal Board of Award, represent- 
ing the American Society of Civil Engineers, the 
American Institute of Mining and Metallurgical En- 
gineers, the American Society of Mechanical Engi- 
neers and the American Institute of Electrical Engi- 
neers, announces the presentation of the John Fritz 
gold medal to Edward Dean Adams, “engineer, finan- 
cier, scientist, whose vision, courage and industry 
made possible at Niagara Falls the birth of hydro- 
electric power,” in the Engineering Auditorium, New 
York, on Tuesday evening, March 30, 1926, at 8.15 
o’clock. The speakers are Lieutenant-Colonel Frank 
B. Jewett, chairman of the John Fritz Medal Board 
of Award, presiding; the Hon. James M. Beck, for- 
merly solicitor-general of the United States; Dr. 
Arthur Edwin Kennelly, professor of electrical en- 
gineering, Harvard University and Massachusetts 
Institute of Technology; Major Fred J. Miller, for- 
mer chairman of the board, and Edward Dean Adams, 
medalist. 


Frienps of Professor Chandler presented in 1910 
to the trustees of Columbia University a sum of 
money which constitutes the Charles Frederick 
Chandler Foundation. The income from this fund is 
used to provide a lecture by an eminent chemist and 
to provide a medal to be presented to the lecturer in 
further recognition of his achievements in science. 
Previous lecturers under this foundation were: Drs. 
L. H. Baekeland, W. F. Hildebrand, W. R. Whitney, 
F. Gowland Hopkins, Edgar F. Smith, Robert E. 
Swain and E. C. Kendall. The lecturer for 1926 will 
be Samuel W. Parr, professor of chemistry at the 
University of Illinois, whose subject will be “The 
Constitution of Coal.” The lecture will be in Have- 
meyer Hall, Columbia University, on Friday, April 
23, at 8:15. 


Seven American universities have selected as their 
international exchange professor to France Dr. John 
B. Whitehead, dean of the Johns Hopkins School of 
Engineering. His appointment was arranged by 
Harvard, Yale, Columbia, Cornell, the University of 
Pennsylvania, the Massachusetts Institute of Tech- 
nology, the Johns Hopkins and the French govern- 
ment, establishing an exchange professorship of en- 
gineering and applied science between the two coun- 
tries. During the last four years the American uni- 
versities have sent France Professors Emile M. 
Chamot, of Cornell University; A. E. Kennelly, of 
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Harvard University; Douglas W. Johnson, of Cy. 
lumbia University, and John Frazer, of the Unive. 
sity of Pennsylvania. In the same period Professon 
J. Cavallier, Emmanuel de Margerie and Pierre le 
mair were sent by France to lecture in the Uniteg 
States. 


Freperick E. Ives, of Philadelphia, has pho, 
awarded the medal of the United Typothetae 
America for his invention of the half-tone process of 
photoengraving. 


R. S. Dean, of the Hawthorne plant of the Westen, 
Electric Co., has been awarded a medal, by the 
American Institute of Mining Engineers, for his dj. 
covery of a process for hardening lead. Presentatio, 
of the medal was made at a dinner at the Chemis 
Club, New York, on March 2. 


THE decoration of the order, Ridder af Dannebrog, 
has been conferred on Dr. J. A. Detlefsen, professo; 
of genetics at the Wistar Institute, and asscciatg 
editor of Biological Abstracts. 


A Genus of Australian diptera has been name 
Benjaminella in honor of Dr. Marcus Benjamin, editor 
of the Proceedings of the United States National 
Museum, by Mr. J. R. Malloch in a paper presented 
before the Linnean Society of New South Wale, 
The genotype of the new genus is Benjaminella 
albifacies. 


Dr. Kart LANDSTEINER, of the Rockefeller Insti- 
tute, New York, has been elected a foreign member 
of the Swedish Medical Association. 


Dr. CHRISTINE Lapp FRANKLIN, lecturer in psy- 
chology at Columbia University, was presented with 
a Ph.D. diploma on the oceasion of the commemora- 
tion day exercises at the Johns Hopkins University 
on February 22. Mrs. Franklin qualified for the 
degree forty-four years ago, but could not receive it 
because the university at that time conferred 10 
degrees upon women students. 


M. Emite Picarp, the eminent French mathems- 
ticlan, was received in the French Academy 0 
March 11, taking the place left vacant by the death 
of M. Charles de Freycinet. He was introduced by 
Marshal Foch and M. Jules Cambon. 


CamBripGE University has conferred upon Sir 1 
W. Edgeworth, professor of geology in the University 
of Sydney, the honorary degree of doctor of science. 


THE president and council of the Royal Society 
have recommended for election into the society the 
following fifteen candidates: Dr. Joseph Arthur Ark 
wright, Dr. Edwin John Butler, Lieutenant-Colondl 
Samuel Rickard Christophers, Professor Frank 
Joseph Cole, Mr. Alfred Charles Glyn Egerton, Dr. 
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Ezer Griffiths, Mr. Harold Brewer Hartley, Dr. Ham- 
ilton Hartridge, Professor George Barker Jeffery, 
Professor Owen Thomas Jones, Professor William 
Cudmore McCullagh Lewis, Professor Edward Arthur 
Milne, Mr. Lewis Fry Richardson, Mr. Henry Thomas 
nizard, Professor Robert Scott Troup. 


Proressor A. 8. Epprneron, F.R.S., Plumian pro- 
fessor of astronomy at the University of Cambridge, 
has been elected a member of the Athenwum for “dis- 
tinguished eminence in science.” 


Tur Institution of Petroleum Technologists, En- 
gland, has awarded the Boverton Redwood Medal for 
sessions 1923-24 and 1924-25 to C. H. McCarthy- 
Jones, for his paper entitled “Electricity applied to 
the winning of Crude Petroleum, with Special Ref- 
erence to the Yenang-yaung Field, Burma.” 


Proressor F. E. Weiss, Harrison professor of bot- 
any in the University of Manchester, has been elected 
an honorary member of the Botanical Society of 
Geneva. 


Dr. Frrprjor NANSEN, the polar explorer, has been 
named Norway’s principal delegate to the League of 
Nations meetings at Geneva. 


Dr. J. H. JEANS was elected president of the Royal 
Astronomical Society at the annual meeting on Feb- 
ruary 12. 


Dr. CHARLES E. Munrog, professor of chemistry 
and dean of the faculty of graduate studies, emeritus, 
of the George Washington University, under the 
authority of the Secretary of War, has been appointed 
a research consultant of the Chemical Warfare Ser- 
vice to assist in the solution of problems that have to 
do with the investigations and developments under 
way in this branch of the U. S. army. 


Cuartes M. Ratu was recently elected president 
of the Rocky Mountain Association of Petroleum 
Geologists. 


Dp. Joun A. Comstock, for the last five years a 
director of the Southwest Museum, Los Angeles, has 
resigned in order to resume the practice of medicine. 


Dr. KRAPELIN, professor of psychiatry at the Uni- 
versity of Munich, recently celebrated his seventieth 
birthday. 


Ixy commemoration of the thirtieth anniversary of 


his appointment to the Bucarest Faculty of Medicine, 


Dr. T. Jonneseo received February 21 a presentation 
Volume containing an account of his life together with 
4 congratulatory address. 


PROFESSOR Hans Eppincer, formerly the first 
assistant of Professor Wenckebach in the medical 
clinie at Vienna, has succeeded Professor de la Camp 
as director of the medical clinie at Freiburg. 
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Ropert CAuveRT, professor of industrial chemistry 
at the University of Maryland, has been granted 
leave of absence and will become chief chemist for 
the Van Schaack Brothers Chemical Works, of 
Chicago. 


Pau G. RepineTon, for the past five years district 
forester in charge of the national forests in Cali- 
fornia, has been selected to head the public relations 
work of the U. S. Forest Service. 


Roy CHapMAaNn ANDREWS, the explorer, left on 
February 27 for China, to organize the fourth ex- 
pedition of the American Museum of Natural History 
into the Gobi Desert where a special search will be 
made for early human remains. With automobiles 
and camels, the party will start early next spring 
into Mongolia. 


Dr. Ropert A. LamBert, of New York, will leave 
for Porto Rico about the middle of March to become 
the head of the School of Tropical Medicine now 
being established on the island by Columbia Uni- 
versity. 

Dr. Manue L. Roxas, head of the department of 
agricultural chemistry at the University of the 
Philippines, has been granted leave and is now work- 
ing for the Philippine Sugar Association as director 
of the Luzon Cane Field Testing Department. Dr. 
F. O. Santos has been appointed acting head of the 
department. 


Dr. JAYME Pereira has returned to Rio de Janeiro 
after two years of graduate study of physiology at 
Harvard University and Woods Hole, on a Rocke- 
feller fellowship, with one year in the laboratories of 
Europe. 


Otor G. Jonasson, of the faculty of the University 
of Stockholm, who has been a graduate student at 
Clark University during the last two years, received 
the degree of Ph.D. on February 1. He is planning 
to spend a period of study in Washington and return 
to the University of Stockholm to resume work on the 
faculty of that university at the beginning of the 
next academic year. 


Proressor Ernst CoHENn, of the University of 
Utrecht, Holland, has arrived in Ithaca, to take up 
his duties as non-resident lecturer in chemistry at 
Cornell University for the term. 


Prorsssor TH. DeDonper, of the University of 
Brussels, will arrive at the Massachusetts Institute 
of Technology on March 22, to give two series of 
lectures. One series will be on the subject of rela- 
tivity and the other on the mathematical theory of 
electricity. 


Two Swedish professors, Henrik Hesselman and 
Tor Jonson, have been invited by American forestry 
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institutions to come to the United States this winter 
to give information on Swedish methods of forest 
conservation. 


Dr. A. CEBALLOS, professor of surgical pathology 
at Buenos Aires, is visiting medical centers in the 
United States. 


Dr. MicHaet I, Puptin, president of the American 
Institute of Electrical Engineers, will deliver the char- 
ter day address at the University of California on 
March 23. 


CoLoneL E. L. Jones, director of the United States 
Coast and Geodetic Survey, will give a lecture at the 
Franklin Institute on March 17 on the subject of 
“Science and the Earthquake Peril.” 


Dr. ArtuurR D. Lirrte delivered an address, “The 
Application of Research to Industrial Development,” 
before the Swarthmore chapter of Sigma Xi on Feb- 
ruary 2 at Swarthmore College. 


Dr. W. J. HumpHreys, meteorological physicist of 
the U. S. Weather Bureau, gave an illustrated lecture 
on “Clouds and Cloud Phenomena” under the aus- 
pices of the Sigma Xi fraternity at McGill Univer- 
sity, Montreal, on February 25. 


ProressoR Henry FarrFiELp Ossorn, director of 
the American Museum of Natural History, gave an 
address on “Convincing Evidence of the Geologic An- 
tiquity and Creative Evolution of Man” at Cornell 
University on February 19. 


Dr. Cuas. P. BerKeEy, professor of geology at Co- 
lumbia University and for the past two seasons geol- 
ogist with the Third Asiatic Expedition of the Amer- 
ican Museum of Natural History, described the re- 
sults of his explorations in the desert of Gobi, in 
Mongolia, with this expedition, in a lecture at the 
Missouri School of Mines and Metallurgy on March 3. 


ProressorR HERBERT OsBoORN, of the Ohio State Uni- 
versity, gave an illustrated address on “Early Work- 
ers in American Entomology” before the Sigma Xi 
Club and the Entomological Society of the University 
of Florida on the evening of March 1. 


On February 20, Dr. A. P. Coleman, department 
of geology, University of Toronto, delivered an ad- 
dress to the Royal Canadian Institute on the subject 
“The Earth as the Heat Engine.” 


Proressor F. E. Luoyp, of McGill University, lec- 
tured before the University of Illinois on March 3 
and 4 on “Romance and Tragedy under the Micro- 
scope,” with motion pictures showing the activities of 
Spirogyra and Vampyrella, and on “The Fluores- 
cence of Living Plants,” with a demonstration of re- 
sults obtained with dark-field illumination. 


Proressor W. CHatTtin WETHERILL, of the depart- 
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ment of mechanical engineering of the University 
Pennsylvania, lectured before the Franklin Institut, 
on March 11, on the subject of “The Eliminatio, of 
Waste in Industry.” 


F. C. BisHopp, in charge of the work of the U,, 
Bureau of Entomology on insects affecting live Stock, 
gave a series of talks on the external parasite; ,: 
domestic animals and poultry at the Iowa State (4), 
lege during the farmers’ short course which was hej 
at Ames, February 1 to 6. Ata dinner of the Oshon 
Research Club of the same institution on February 
he gave an illustrated lecture on “Myiasis and jy. 
lated Skin Afflictions of Man in the United State,” 


Dr. Epwarp UHLENHUTH, associate professor of 
anatomy at the University of Maryland Medica! 
School and formerly of Rockefeller Institute, gaye , 
lecture on “The Secretion Process in the Thynit 
Gland,” on March 4, at George Washington Univer. 
sity, Washington, D. C., before the Association of 
the Scientific Personnel of the Public Health Service 


ProFESsOR CHARLES-Epwarp A. WINSLOW, of Jal 
University, president of the American Publie Health 
Association, spoke on “The Health Department ani 
the Individual” at the annual dinner of the Boston 
Health League, on February 17. 


Dr. SUTHERLAND Simpson, professor and head of 
the department of physiology and biochemistry at 
Cornell University, Ithaca, died on March 3, agei 
sixty-three years. 





UNIVERSITY AND EDUCATIONAL 
NOTES 


Tue late William W. Crapo, of New Bedford, 
Mass., among other bequests has left $100,000 to 
Yale University. 


AccoRDING to press reports, the regents of the Uni- 
versity of Wisconsin have issued instructions to pre 
pare plans to expend about $1,500,000 on a new 
building and equipment for the University of Wi: 
consin Medical School; the first unit will cost about 
$450,000; bids will be issued by July 1. 

Masor Max Tourtz, of St. Paul, Minn., has given 
$15,000 to the American Society of Mechanical Engi- 


neers to establish a fund for the assistance of stu- 
dents in engineering. 


On February 2, Oxford University confirmed a de 
eree authorizing a special allowance of £200 a yeal, 
in addition to his ordinary stipend, to each professor 
being the head of a scientific department. 


Proressor J. H. Franpsen has been elected heat 
of the department of dairying and animal husbandry 
at the Massachusetts Agricultural College. 
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Dr. LLEWELLYN T. SPENCER has been promoted to 
assistant professor of psychology at Yale University. 


Ar the Harvard Dental School, Dr. Frank T. Tay- 
lor has been promoted to clinical professor of opera- 
tive dentistry and Dr. Perey R. Howe has been ap- 
pointed Thomas A. Forsyth professor of dental 


science. 

Dr. Vicente G. Lava, Ph.D. in physical chemistry 
from Columbia University, has been appointed as- 
sociate professor of agricultural chemistry at the 
University of the Philippines. 


Dr. Jonn SAMUEL DUNKERLY, senior lecturer in 
zoology in the University of Glasgow, has been ap- 
pointed Beyer professor of zoology and director of 
the zoological laboratory at the University of Man- 
chester, in suecession to Professor Hickson, who will 
retire in September. 


L. G. Srus has been appointed lecturer in electrical 
engineering at the University of Birmingham, vice 
Dr. 0. R. Randall, who has been appointed professor 
of electrotechnics at the Witwatersrand University, 
Johannesburg. 

Proressor W. Fiscuer, director of the Patholog- 


ical Institute at Rostock, has been elected rector of 
the Rostock Medical Faculty. 





DISCUSSION AND CORRESPONDENCE 


SCIENTISTS AND THE INCOME TAX 


ActinG on the request of the executive committee 
of the American Association for the Advancement of 


| Science, I have tried to assemble such information as 


may be had regarding the operation of the income 
tax on scientists. It is assumed that the general pro- 
visions are easily understood, such as, individuals re- 
quired to file returns, exemptions on account of fam- 
ily relationships, ete., but in applying the general 
provisions of the law to scientists some points have 
come up that have required interpretation. This re- 
port is intended to deal only with these less obvious 
matters. 

One feature chiefly has raised questions of doubt, 

that of exemptions. In 1924, Committee O, of the 
American Association of University Professors, with 
the help of Professor Thomas S. Adams, of Yale Uni- 
versity, undertook to secure solutions of several of 
these problems. The results of this inquiry were pub- 
lished in the Bulletin of that association in Decem- 
ber, 1924, 
Similar inquiries have been made for the engineer- 
Ing profession and the substance of the result was 
published in the Proceedings of the American Society 
of Civil Engineers, Vol. 52: 72, 1926. 

The American Medical Association has carried on 
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an active investigation into the relation of the income 
tax to physicians, the outcome of which was summed 
up in the Journal of the American Medical Associa- 
tion, Vol. 84: 446-448, 1925 (Feb. 7). , 

Since these groups have much in common and since 
rulings made on test cases brought out in one group 
often clarify the situation for the others, an attempt 
has been made here to present briefly the substance 
of pertinent decisions made on points involving scien- 
tists. In this I have tried to follow closely the au- 
thoritative wording where practicable. 


Society DvEs 


Dues paid to charitable and professional organi- 
zations not run for profit are deductions permitted 
in computing the tax. All dues paid during the tax- 
able year are included. This deduction should be 
made on the income tax blank entry under business 
expense. 


TRAVELING EXPENSES 


While business men and engineers traveling solely 
for business purposes may deduct travel expenses, 
including cost of entertaining others, when it can be 
shown that the sums were spent on prospective clients, 
physicians attending medical conventions and scien- 
tists attending scientific meetings may not deduct 
traveling expenses. In the latter case these exemp- 
tions are regarded as personal expenses not under- 
taken in the hope of profit as a major consideration. 

When, however, a member of a college or univer- 
sity faculty while on sabbatical leave travels, “espe- 
cially for the purpose of study, travel and research 
work,” the information gathered being used to sup- 
plement courses of study on which they usually pre- 
pare a report to their superiors, traveling expenses 
incurred are allowable deductions from gross income. 
This is considered as comparable to the case of a 
clergyman whose traveling expenses incurred in at- 
tending a general convention of the church are de- 
ductible from gross income. 

Scientists, traveling as experts in connection with © 
their profession, are allowed to deduct traveling ex- 
penses on the same basis as the faculty member tra- 
veling on sabbatical leave referred to above. 


SALARIES OF STENOGRAPHERS, CLERKS, ETC., STATION- 
ERY, OFFICE SUPPLIES AND EQUIPMENT 
When college professors employ stenographers and 
clerks in connection with the activities from which 
they derive their income directly, the salaries paid 
by them are deductible, as also sums paid personally 
for stationery, office supplies and equipment. 


ATTENDANCE ON SUMMER SCHOOLS, POST-GRADUATE 
COURSES, ETC. ; 


Although college and university people attend sum 
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mer schoois and do post-graduate work . the hope 
thereby of increasing their knowledge and value as 
teachers and researchers, and of securing for them- 
selves advancement with higher salaries, the Commis- 
sioner of Internal Revenue rules that the cost of such 
study is a personal expense and not deductible. 


DEPRECIATION OF LipraRyY, APPARATUS AND OTHER 
PROFESSIONAL EQUIPMENT 


While the situation on this point is not altogether 
clear, decisions in the main favor an allowance for 
depreciation, particularly where the taxpayer de- 
rives a material income from expert work. 

From what has been said, it appears clear that in 
the administration of the income tax law, the scien- 
tist suffers in the matter of exemptions because of the 
absence of the idea of financial gain from his doings. 
He is regarded by the law as interpreted to be doing 
it all for his personal satisfaction, for which satisfac- 
tion he must pay. When his operations are dictated 
by a desire to make money, a taxpayer may claim and 
secure many exemptions denied to the scientist. 

It is hoped that the further development of this 
subject, through decisions and otherwise, may be fol- 
lowed up and reported as matters of interest appears. 

Ropney H. Trove, 
Secretary, Committee of One Hundred 


EDWARD SYLVESTER MORSE 


I was greatly pleased at the beautiful tribute paid 
to my dear friend, Edward Sylvester Morse. May I 
add a word of appreciation: 

I first met Professor Morse at a meeting of the 
Association for the Advancement of Science, at In- 
dianapolis, in 1871. Dr. P. H. Jameson, leading phy- 
sician at Indianapolis at the time, gave a dinner to 
some of the visiting scientists and invited me to at- 
tend. It was at this dinner that I met Professor 
Morse. It was my good fortune to have his sincere 
friendship during all these remaining years. In 1923 
my wife drove me and my boys to Cambridge to at- 
tend my fiftieth anniversary. On the day following 
the commencement, Professor Charles L. Jackson, 
emeritus professor of chemistry at Harvard, and one 
of my teachers when I was there, invited my family 
to dine with him at his summer home at Pride’s Cross- 
ing. We went through Salem en route. I drove to 
the museum to see my old friend and learned that he 
was emeritus, but that he was in the museum nearly 
every day. The attendant said that if I would wait 
until he could be called up, he certainly would come 
down to see me. Over the telephone, he said, “I will 
be down in a few minutes.” He was still just the 
same boy that he was when I first met him fifty-two 
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years before. He was particularly interested jy ny 
boys, who, at the time, were nine and elevey yeary 
of age. He showed them all his precious possesgio,, 
from Japan. He illustrated, at my request, how }, 
could draw on the blackboard with the right and |g 
hand at the same time. He was just as much of, 
boy as my two boys were, and they have spoken o 
him continually since. 

I am glad that, as this was the last time I saw him, 
it was under those circumstances which illustrata 
those very traits of character which Dr. Dall has » 
vividly described. The memory of this last meetin 
will, of course, ulways be as vivid to me as the fir 
time I saw him. His life was typical of how a dey. 
otee of science may at the same time be warm. 
hearted, wideawake and an interesting human being 


H. W. Wuuzy 
WASHINGTON, D. C. 


THE AMATEUR SCIENTIST IN THE 
ACADEMIC WORLD 

At first glance, the things we do are divided int 
two classes: those we do from a desire within ani 
those we do by virtue of some sort of compulsion 
from without. 

Like most attempts at classification, however, this 
is incomplete. The two categories are not mutually 
exclusive, but the statement can nevertheless be taken 
as a useful first approximation. 

The world’s largest manufacturer of photographit 
goods has described himself as “an amateur pho- 
tographer.” Nor is this simply an exhibition of 
shrinking modesty; it is a statement of motive. It 
classifies his professional activity in the former of 
the two categories mentioned above. And he is for. 
tunate, of course, who finds himself in such a position. 

It is obvious, on a moment’s reflection, that an 
“amateur” is not one who is any the less skilful or 
trained than a “professional,” but is rather one whose 
motive for doing a thing is activated by the pure love 
of doing it. 

Now a person’s pursuit may be ever so laudable 
and still not be “amateurish” (being careful to divest 
that word of its inferiority complex). Even the 
teacher, the preacher or the missionary may be !- 
sponding to the call of duty rather than to an inner 
urge. 

Psychologically speaking, there are doubtless many 
“activators” or precursors of desire, but one of the 
most potent of these is curiosity. In and by itself 
it has led men to explore the world, delve into the 
earth, analyze, synthesize, create. It has been the 
silent watchword running through the whole history 
of science, and nothing will ever take its place in this 
field. Nothing but the irresistible urge to know could 
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have led Roger Bacon, Galileo and others to risk the 
ecclesiastical tortures of their times. 

But times have changed, and it is now more re- 
spectable—nay, even laudable—to indulge one’s curi- 
osity. But with the increasing complexity of our 
modern conditions other motives become active, and 
even subtle compulsions invade the fields in which 
unfettered curiosity once foraged freely. 

Not only have we seen a growing, and to a very 
large extent illogical, distinction between pure and 


f applied science, but even so-called “pure” scientific 


research is becoming a recognized business. For a 
long time it has shown the competitive earmarks. 

Well and good. All power to the world’s progress! 
With all our wailing over “the good old days” we 
would not go back to the horse-car and the oil-lamp 
if we could. And suffice it to say, we can’t, anyway. 
The world may move in cycles, as in Oriental cos- 
mogony, but it certainly does not retrograde in 
straight lines. 

But whatever embellishments may now adorn the 
armor of the scientific knight-errant in search of 
truth, let us not forget that his sword and primary 
resource is the keen desire to know—good old-fash- 
ioned curiosity. 

Not for the first time have we heard complaint 
against the condition in our colleges and universities 
which makes it necessary for the young scientific 
aspirant to “grind the paper mill” in order to insure 
his continuance—to say nothing of advancement—in 
the academic-scientific field. This is certainly one of 
the reasons why young men yield to the persuasions 
of industry, where the desire to know is admittedly 
diluted to a high degree by the desire for pecuniary 
gain. 

The publication of scientific papers is not only de- 
sirable but absolutely essential for the progress of 
science, and no one of us would wish to stem that 
stream of discovered knowledge which has in the 
past and is now helping to cultivate every field of 
the world’s activity. “Keeping up with the litera- 
ture,” however, in the larger scientific fields is becom- 
ing a difficult problem, and the difficulty is increas- 
ing in geometrical progression. Nevertheless, the 
quantity is not a cause for concern; we will find some 
way of solving the difficulty when it becomes acute. 
But many of us have had the experience of wad- 
Ing through tons of chaff in search of a few grains 
of wheat. One can not always avoid the suspicion 
that some—perhaps a goodly portion—of this ma- 
terial has been turned out for other reasons than those 
which have traditionally motivated true scientific in- 
quiry. 

And where, pray, should the bulwark of true scien- 
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tific inquiry be found if not in our colleges and uni- 
versities? Nor is the fundamental scientific spirit of 
our many independent research institutions to be im- . 
peached. We may confidently assume that in these 
the business of scientific investigation will success- 
fully be combined with the amateur motive. At any 
rate, we are not now concerned with them. 

But the college and the university have a deeper 
responsibility. It is theirs—among other functions— 
not only to perpetuate science itself but the spirit 
of science as well. And that spirit is incompatible 
with anything but an absolute freedom of intellectual 
interest and curiosity. The moment compulsions 
enter that spirit begins to fade. No professor of 
science will do justice to himself who is being urged 
to think of what is encumbent upon him, ex-officio, 
by virtue of his position. Nor can a professor who 
is “grinding the paper mill” be expected to pass on 
successfully to the next generation the scientific spirit 
which is being stultified in himself. 

In the course of my own graduate work I was given 
the advice which has doubtless been given to many 
another young man: “The thing for you to do now 
is to turn out as much research as you can in the 
next couple of years. A university in considering 
you for a position will not ask what you can do but 
what you have done.” 

We face a situation to-day in which many young 
men are admittedly “turning out all the research they 
can,” with the frank purpose of getting themselves 
ahead, only secondarily—if at all—for the pure love 
of science. It is not a situation which can be easily 
remedied. Our universities are apparently “sold” 
on the idea of mass-production, at once the boon and 
the curse of our modern times. “Production” is the 
slogan of to-day, but we are beginning to question — 
whether production, when bought at the expense of 
the bodies and souls of the producers, may not after 
all be a shortsighted policy. What is quite probable 
in the field of industry is a thousand times more than 
certain in our educational institutions. To be of most 
value to the world—yea, even to maintain its maxi- 
mum productivity—the scientific mind in our univer- 
sities must be “amateur.” 

Norris W. RAakEsTRAW 

STANFORD UNIVERSITY 


DEAN INGE ON THE RELATION BETWEEN 
SCIENCE AND RELIGION TO-DAY 


AMERICAN biologists have been none too active in 
resisting the attacks of the so-called “fundamental- 
ists.” The most that is usually claimed by them in 
their own defense is that there is no necessary hostil- 
ity between science and religion. It is then all the 
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more refreshing to find no less a churchman than the 
Very Reverend W. R. Inge, Dean of St. Paul’s, 
London, proclaiming his belief that “in science has 
come the chief revelation of the will and purposes of 
God that has been made to our generation.” The 
following brief quotations will serve to indicate Dean 
Inge’s position. They are taken from his article “The 
Social Message of the Modern Church” in the Janu- 
ary Yale Review, in which article interested scientists 
will find much for reflection and inspiration. 


I believe that in science has come the chief revelation 
of the will and purposes of God that has been made 
to our generation. I believe that it is more important 
for the Christian preacher to understand this new revela- 
tion, and to apply it to his ethical teaching, than to 
cultivate a sympathy with social revolution and the 
‘*demands’’ of manual labor. Perhaps the great strug- 
gle of the future will be between science and sentimen- 
talism, and it is by no means certain that the right 
side will win. . . . There are many temptations to the 
churches to side with the anti-scientific forces. There 
has been and still is a conflict between traditional theol- 
ogy and natural science. . . . Science and philosophy 
(even religion) are willing to learn from each other, 
and a rapprochement is in sight. But the so-called 
fundamentalists, or traditionalists, still dream of routing 
the enemy, and are willing to use the most dubious 
allies for the purpose. It is, of course, they who are 
the real materialists, since they can not conceive of a 
religion which is not buttressed by miracle and special 
interventions. The more that our clergy can study the 
philosophy of religion, the better it will be for them 
and their hearers. We have to come to terms with the 
scientific view of the world. There is no reason why 
this old feud should be perpetual. Christ never wished 
to oblige us to outrage our scientific conscience as a 
condition of being His disciples. Our traditionalists 
bind heavy burdens, grievous to be borne, and lay them 
on men’s shoulders, burdens which are no part of the 
burden of the Cross, no part of the light and easy yoke 
which Christ told us to take upon us, but which on the 
contrary are a terrible impediment to thousands who 
wish to be Christ’s followers, but can not swear black 
to be white to please the authorities. 

* ~ ca * * * * * * 

I am afraid it is not so much any particular results 
as the whole scientific way of approaching questions, 
which is hateful to traditionalism. For this reason, I 
beg those of my readers who are religious teachers to 
try to keep an open mind, and at least to recognize 
that men of science are sincerely anxious to make their 
contribution to the problems of civilizations, that they 
have a strong ease, and that their motives are as pure 
as your own. 

* * 7. * * * 7 ad - 

I believe therefore that in so far as we connect the 
kingdom of God with the progress of the human race, 
we who are Christian ministers ought to give much more 
attention than we have hitherto done to the discoveries 
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vf modern science, and to the scientific way of look; 
at things. . . . I also hold very strongly that a ree, 
ciliation between religion, science and humanism is 
overdue. 


Nein E. Steyeyg 
BuREAU OF PLANT INDUSTRY, 
WASHINGTON, D. C. 





SCIENTIFIC BOOKS 


Climatic Laws: a summary of climate. By Srepury 
SARGENT VISHER, Ph.D., associate professor of 
geography, Indiana University. John Wiley ¢ 
Sons, Inc., New York. 


Ir is a thankless, perhaps even an ungracious, task 
to discuss adversely a book upon which the author 
has, as the reviewer knows, labored long and pains. 
takingly. The intention was to provide a series of 
concisely worded generalizations, each followed by 
brief amplifying comments, the whole to constituie 
a body of fact which would “make it somewhat |e; 
difficult for students of climate to obtain an under. 
standing of this important subject.” 

We are introduced first to twenty-five meteorologi- 
cal laws grouped under temperature, winds and mois- 
ture. The climatic laws, ninety in number, then 
follow in four chapters: on heating and cooling of 
the earth (laws 1-26), winds (27-50), moisture 
(51-80), and miscellaneous (81-90)—truly a large 
structure to try to erect in eighty-one pages. To say 
that in building it the need above all else is for 
severely logical thinking as the only means to clear- 
ness and accuracy is to utter a truism. 

One reads but a few of the meteorological laws, 
however, before beginning to wonder if such thinking 
laid the foundation stones of the structure under re- 
view. On page 9: 

3. The lower atmosphere is warmed chiefly by the 
absorption of terrestrial radiation and to a minor degree 
by the absorption of solar radiation. 

4, The lower air is cooled chiefly by convection, i, 
the rising of warm air, and subsequent radiation to 
cooler air and into space. It is sometimes [!] cooled by 
radiation to cooler land or water. 


There are no comments to amplify the meteoro- 
logical laws; hence the difficulty obviously is that it 
is impossible to express in any such simple terms 4s 
these the complicated interrelations of the processes 
by which the lower atmosphere is warmed and cooled. 
The result is a statement of half-truth, imparting, 
however, to the uninitiated the delightful sensation 4s 
of a “fact” acquired. ' 

In summarizing (p. 10) the “laws of heating,” 4 
eycle of daily changes is presented, ending ‘with: 
“Then gravity pulls it [the air] down to the earth’s 
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surface Where it awaits another warming the follow- 
ing day.” The picture thus offered to the unsuspect- 
ing student is so simple—but, as meteorologists have 
long since recognized, so untrue. 

Qn page 11: “Surface winds are influenced by 
topography and surface temperature. Winds tend to 
descend slopes, to follow valleys...” The impli- 
cation of the words as printed surely is that winds 
do not tend to ascend slopes—an astonishing com- 
ment, for example, on the often violent effects of day- 
time up-slope winds among mountains. The reviewer 
feels certain that the writer never intended that im- 
plieation, but clear thinking would have kept such a 
statement out of print. And one wonders why a 
publisher should so far fail in the matter of self- 
protection as not to catch the vacuity of the following 
(law 81): “Air pressure decreases with increased ele- 
vation because the atmosphere envelops the rest of 
the earth.” 

“89. There are seasonal and diurnal variations in 
air pressure related to changes in temperature but 
with the opposite sign, falling as the temperature 
rises.” (Reviewer’s italics.) Now the average ele- 
mentary student, unwitting victim of mass production 
in “education,” dearly loves to regard his textbook 
as infallible. At any rate, acting on that assump- 
tion helps him to “pass” courses. Therefore it is 
too much to expect him to wonder whether the 
spectre of vagueness and half-truth lurks in a state- 
ment like the above. The fact is that the diurnal 
temperature and pressure changes do normally show 
approximately opposite trends for stations at and 
near sea level, but that quite the reverse is true for 
high-altitude stations. It is precisely in this fashion 
that the spectre bobs up constantly through large 
sections of the book. 

The purpose of the author being to discuss laws, 
it seems unfortunate that he should occasionally (e.g., 
pp. 25-26) indulge in speculation based too often 
upon the hypothesis that if such-and-such were the 
case, the results would be so-and-so. It may be seri- 
ously questioned whether it is wise, in a book of this 
nature, to enter into highly debatable ground—a pro- 
cedure which ean only confound the student for whom 
evidently the volume is intended. 

The bibliographic notes are abundant, and, if used 
with discretion, will serve a purpose. One becomes 
skeptical of the author’s judgment, however, upon 
finding that some of the notes refer to text-books (at 
best second-hand “sources”) that are more or less seri- 
ously out of date meteorologically. Moreover, one 
fails occasionally to find references in critical places 
* the leaders in the particular fields. Thus under 
‘sensible temperature” there is no mention of Leonard 
Hill, under “eyclones of mid-latitudes” no mention 
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of Bjerknes. Indeed, nothing indicates that the 
author considers the great conceptions relative to sur- 
faces of discontinuity, warm and cold fronts, etc., to 
be of any importance to the student of climate who 
would attempt to keep pace with the development of 
modern thought in these matters. 

Lest the above comments seem too pessimistic, it 
should be made clear that although the reviewer be- 
lieves the book as it stands could only prove to be an 
educational pitfall, not alone to the elementary stu- 
dent but to an unwary teacher, nevertheless he also 
believes that those possessing a sound background of 
training in meteorology and climatology could find 
use for the volume. Thus, there is in it abundant 
statistical and bibliographic material which the 
teacher of, let us say, geography, could, if so trained, 
use to advantage. But he should, in order to decide 
whether he is thus trained, first inquire if his knowl- 
edge is based upon something more than the outworn 
conceptions of meteorological processes to be found 
in the average American “college” text. Then, if he 
can qualify, and has both time and inclination for the 
task, let him proceed to select and rearrange from 
“Climatic Laws” such materials as meet his particular 
needs. 

Burton M. Varney 

WASHINGTON, D. C. 





SCIENTIFIC APPARATUS AND 
LABORATORY METHODS 


APPLICATION OF THE MICROSCOPE TO 
GALVANOMETRY 


THE intention of this note is to draw attention to 
the possibilities of the microscope as an aid in gal- 
vanometer observation. When a galvanometer is 
used as a null indicator in potentiometer or Wheat- 
stone bridge work the sensitivity of the instrument 
should be high enough to give an unmistakable 
change in the galvanometer reading when the slide 
wire contact is altered by the smallest readable 
amount. In operations with galvanometers of the 
portable pointer type it sometimes happens that this 
condition does not obtain, and it then becomes neces- 
sary to turn to the reflection galvanometer, with its 
more troublesome technique, or to find means of ex- 
tending the divisions-per-volt sensitivity of the 
pointer instrument. The latter recourse is to be 
preferred and is easily affected by bringing a micro- 
scope with a power of perhaps a hundred diameters 
to focus on the tip of the pointer. The eyepiece 
should be furnished with a scale. It is easy by these 
means to obtain an increase in apparent sensitivity 
of sixty to one hundred fold. 

The quickness, steadiness and convenience of this 
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arrangement recommend it for use in place of the 
reflection galvanometer, not only for null indications 
but also in many cases of current and voltage mea- 
surement. Sensitivities of a like order with the more 
modest wall-type instruments are readily attained. 

The very highest sensitivities are to be obtained 
of course with reflection galvanometers, and here too 
the microscope may be employed to extend the range 
of the instrument to much smaller currents and volt- 
ages than those ordinarily observed. Light from a 
vertical lamp filament, passing through a convergent 
lens, falls upon the galvanometer mirror and comes 
to focus before the objective of a horizontal com- 
parator microscope instead of upon the customary 
scale. The observer uses the comparator in the usual 
way, setting the cross-hair or index upon the edge 
of the filament image and taking readings at the 
micrometer head. 

On an ordinary scale one would perhaps be able 
to detect an image shift of one fifth of a millimeter. 
With a comparator suitably arranged a displacement 
one one hundredth as large is definitely observable. 
In a recent test a filament of a 40 watt tungsten 
lamp was used as source, while a lens of 60 em focal 
length produced the image. The mirror was of good 
quality, plane and circular, and had a diameter of 
1.1 em. At a distance of 200 em from the mirror a 
comparator with a magnification of thirty diameters 
was loeated. The definition of the image was 
greatly improved by the insertion of a green Wal- 
lace filter at the comparator objective. With the 
mirror in a fixed position the comparator index was 
set upon the edge of the image ten times and the 
micrometer head readings recorded. The average 
deviation of these readings from their mean was 
.0001 em, which shows that any rotation of the mir- 
ror, so long as the image remained within the range 
of the comparator, could by a single setting be mea- 
sured with a probable error of 1/20 second of are. 

With the galvanometer before me at present—a 
style to be found in most university physical labora- 
tories and one without claims to high sensitivity— 
these figures suggest the possibility of measuring 
currents of the order of 10-14 amperes. Unfortu- 
nately, however, the perturbations to which these 
types are subject prevent making full use of this 
unusual magnification. 

The angular sensitivity described is due in part 
to the use of the comparator screw, by which the 
observer is relieved of the task of estimating the 
precise position of the image with respect to a series 
of scale rulings. It is well not to forget that this 
objectionable operation, which limits the accuracy of 
scale measurements of all kinds, may generally be 
avoided, if the ends justify the effort, through me- 
chanical devices such as we have considered here. 
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The ordinary vernier supplies the simplest and best 
illustration. 
PavL Kirxparricg 
UNIVERSITY OF Hawall 





SPECIAL ARTICLES 


AN HYPOTHESIS ON CELL STRUCTURE Any 
CELL MOVEMENTS BASED ON THEp. 
MODYNAMICAL CONSIDERATIONS: 


Aut living matter is principally built up of aqu. 
ous solutions of substances which have the property 
of lowering substantially the surface tension of wate, 
It is known that these substanees will tend to rege) 
an equilibrium by accumulating at interfaces, Thi 
is just a consequence of the application of a wel. 
known thermodynamical law: a system always tenis 
towards a state of equilibrium where the free energy 
will be the minimum compatible with its total energy, 
If a droplet of such a solution is abandoned in, 
small hollow in a rock, or sprayed into the air, under 
any circumstances where it will be momentarily seps. 
rated from the bulk, its constituents in solution wil 
concentrate in the surfaces, the solubility of some of 
them, in case of a complex solution, will be affected 
by the presence of salts and of CO,, coagulation wil 
follow, and it will be surrounded by a membrane, 
On the other hand, since the works of Gibbs ani 
Boltzmann, we know that the state of equilibrium 
predicted by thermodynamics for any material sys 
tem is always “the most probable state compatible 
with its total energy, potential and kinetic.” Hence, 
we may say that “the most probable equilibrium con- 
figuration of such a system is the cell form,” which is 
equivalent to saying that the state of thermodynamic 
equilibrium of a system composed of proteins’ m 
solution with salts, under the conditions stated above, 
is the cell form. However, the size of the original 
droplet is not indifferent, and the foregoing observa- 
tions, based on experimental evidence® and theoretical 
considerations, are only likely to be applicable in 
the case of droplets small enough to coat themselves 
with an adsorbed layer of protein of sufficient thick- 
ness in a very short time. The smaller the droplet, 
the more rapidly its surface layer will be saturated 
with protein. 

1 From the Laboratories of The Rockefeller Institute 
for Medical Research. 

2Or any other organic substance of high moleculat 
complexity endowed with the same properties with regard 
to surface tension. The term ‘‘protein’’ is used throug! 
out this paper for the sake of brevity, but the exper 
mental facts and the hypothesis may apply as well ‘ 
other compounds found in the cells and in the plasm, 
for instance, or to a combination of them. 

8 du Noiiy, P. L., J. Eap. Med., 1922, xxxv, 575, 707; 
ScrENCE, 1924, lix, 580. 
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It has been shown that the static value of surface 
yysion in pure serum, for instance, is reached in 
shout twenty minutes in watch-glasses, where the 
depth of the liquid is about 3 mm, and consequently 
he longest vertical path traveled by molecules is 1.5 
nm. In the ease of a spherical droplet of the same 
E AND jiameter (3 mm), it would require about the same 

Kime to reach the equilibrium, that is to say, to coat 
— ‘+ with a layer of concentrated protein. But the 
vs same phenomenon would require only about 1 second 


and beg 


ATRICK 


of aque MEG the droplet had a diameter a thousand times less, 
roperty Mnamely 3p. In a finely atomized spray of, say, a 6 
f wate, Mlmeper cent. solution of proteins, a large number of 
to reach Mmmdroplets would consequently, under certain circum- 
3. This Mlstances (ultra-violet rays, CO, atmosphere, HCl gas, 


a well. M™metc.), be readily transformed into a cell with a mem- 
73 tends Mebrane three hundred to four hundred times more 
- energy (meviscous‘ than the inside liquid, and partially insoluble 
energy, (™min water. According to the time that elapses be- 
od ing Maetween the spraying and the moment the droplet 
, under fmestrikes water again, cells of different sizes may be 
y sepa- Meformed. Thus, the initial order of magnitude of 
ion wil Mgethese cells is determined somewhat by the concen- 
ome of Metration of the solution and the time defined above. 

affected Furthermore, it has been shown that protein solu- 
on wil (tions, under certain conditions of concentration, vol- 
nbrane, jeune and surface, could organize monomolecular lay- 
bs and Mmeers, or monolayers, at the interfaces. This was first 
librium Mproven experimentally in 1924.5 The curves ex- 
al sys: Mepressing the static values of surface tension of such 
patible Msolutions, drawn in function of the concentration, 
Hence, @eshowed marked minima at certain critical concen- 
m con- fmetrations. These minima, being due to a statie ar- 













hich is Hi rangement of oriented, fixed molecules, can not be ac- 
ynami¢ fe counted for on a thermodynamical basis. The Gibbs 
ns’ in formula may enable us to calculate the static value 


of an egg albumin solution at a concentration of 
1/138,000 and at a concentration of 1/142,000, but 
these points are on a smooth curve, and if, as hap- 
pens, € minimum occurs between these two points, 


above, 
riginal 
serva- 
retical 


ble in fe due to organization of molecules, no thermodynamic 
selves fe formula as yet ean foresee this fact, which depends 
thick- fon the size and shape of the individual molecule. 
‘oplet, fe Thus, one may expect a sudden’ change in the surface 


rated MB tension at the interface between air and solution, or 
between two solutions, not necessarily as a conse- 
stitute ME Uence of a chemical reaction, as has always been 

assumed so far, but also as a consequence of a very 
ecular slight change in the concentration of either the out- 
egari Heide or the inside liquid, according to whether one 
ough Me Onsiders the inside adsorbed layer or the outside 


ei adsorbed layer. A relative change in the concentra- 
asm, ‘du Noiiy, P. L., Screncz, 1925, lxi, 117. 
du Noiiy, P. L., J. Hap. Med., 1924, xxxix, 37; xl, 


107; 133, 
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tion of the order of 2/100 (from 1/138,000 to 
1/140,000, for instance) may bring forth a decrease 
of surface tension of a few dynes (three to eight in 
the case of egg albumin—air interface), on a limited 
area of the cell, if this change in concentration only 
affects part of the surrounding liquid. This area 
will, of course, immediately bulge out under the in- 
fluence of the internal pressure. Changes in con- 
centration of such order of magnitude should be ex- 
pected to go on almost constantly, as a consequence 
of the fluctuations of density, under the influence of 
the slightest cause: foreign bodies adsorbing protein 
molecules, particles going into solution, ete.). There- 
fore, the changes in surface tension may be consid- 
ered as occurring constantly. The time required to 
organize such a layer over a limited area of a cell 
must be very small, if the concentration of the solu- 
tion inside the cell is such as to make the formation 


of a monolayer possible. Indeed, the aforesaid hy- . 


pothesis requires one condition, namely, that the eon- 
centration and the size of the cell be related in a 
certain way. In our experiments (watch-glasses), 
monolayers were produced at dilutions around 
1/140,000 and 1/190,000 for egg albumin and around 
1/10,500 for serum. In these experiments, the ratio 
surface, 


volume 
centration the possibility of forming the monolayer, 


was equal to 13.2 approximately. It is clear that 
in order to obtain a monolayer formation with pure 
serum, for instance, it would be necessary to use a 


P rf 
much smaller vessel, so that the ratio a would 
volume 


be increased 10,500 times, namely, up to 137,000. 
Such an enormous ratio can exist only in a very small 
vessel, or a vessel whose shape is that of a flat 
disk. A simple calculation shows that it should have 
such inside dimensions as, for instance, 5y in diam- 


eter and 0.2u in thickness, in which ease the ratio 


S ate 
v- 150,000. Under such conditions, the formation 


of a monolayer is possible from the inside, with a 
concentration of proteins corresponding to that of 
pure serum. This calculation assumes, of course, that 
this cell contains no nucleus or bodies capable of 
adsorbing the protein (mitochondria). In the latter 
ease, the size of the cell could be larger without a 
concurrent decrease in the ratio. Should this ratio 


which evidently determines for every con- 





6It has been shown experimentally (footnote 3, and 
Third Colloid Symposium Monograph, 1925) that the 
concentrations at which the monolayers were observed, 
in the case of protein solutions, depended on the ratio 


S of the container, and were proportional to the vaiue 


of this ratio. This fact was recently confirmed in the 
ease of sodium oleate (unpublished experiments). 
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decrease, then a more dilute solution would be re- 
quired to build up the monolayer; should it increase 
by flattening of the cell or change in its shape, or 
should adsorbing bodies be formed inside the cell, a 
more concentrated solution would be necessary to 
build it. And reciprocally, if it be assumed that the 
size of the cell is determined somewhat by the pos- 
sibility of forming, under certain conditions, oriented 
monolayers of proteins, the slightest change in the 
concentration, as might be brought about by changes 
in the pH which affect the solubility of these sub- 


stances, will determine a change in the ratio =, and 


the cell will grow or diminish in size, or alter its 
shape. Consequently, the normal concentration of 
biological fluids might be one of the factors determin- 
ing the size of the living cells. Should our hypoth- 
esis be true, they could not exist outside of a cer- 
tain range of dimensions, and their activity would 
depend, among other factors, on how near the critical 
concentration they may be with respect to their 


jor Pty ’ ai 
ratio vy? indeed, if these three quantities happen to 


be balanced in such a way as to make the building 
of monolayers possible, they will be in a constant 
state of activity, as anything affecting the concentra- 
tion will change the surface tension, while in turn 
any phenomenon affecting the surface tension on one 


vy? which 


will result in a fluctuation in density in some other 
part of the cell, with a corresponding change in sur- 
face tension.’ In certain cases, where the externally 
adsorbed layer seems to be of constant thickness (red 
cells), the solid oriented layer of adsorbed serum 
proteins gives a certain rigidity to the cell. This 
adsorbed layer, the order of magnitude of which is 
about 40 Angstroms (40 x 10-* em), is probably fixed 
on an inside layer, the thickness of which can not be 


point will determine a variation in the ratio 


computed. Thus the ratio 5 of the inside of the cell 


may be larger than the outside ratio and correspond 
to a higher concentration of proteins, not to mention 
the possibility of inside adsorbing elements. 

It is needless to say that the preceding hypothesis 
is given only tentatively and that the writer does not 
wish to lay any emphasis on it. However, consider- 
ing the somewhat striking coincidence of the figures, 
and the interesting departure from thermodynamic 
equilibria realized by the formation of oriented lay- 
ers, it is possible to conceive that phenomena of a 
similar nature play a part in the still mysterious be- 
havior of cells. It throws no light, however, on the 


7 It is usually admitted that the cell content is rather 
a concentrated solution of proteins. If this is true it 


becomes necessary to suppose that there is a considerable 
surface of adsorption inside the cell, in addition to those 
which can be seen under the microscope. 
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inside structural elements of the cell, and the nuclers 
for example, remains unexplained. 


P. LecomTE pu Nopy 
THE ROCKEFELLER INSTITUTE 


A NEW AREA OF CARBONIFEROUS 
ROCKS IN MEXICO 

THE locality which furnished the material for thi, 
notice was discovered by Mr. Parker A. Robertson, ; 
geologist of the Mexican Gulf Oil Company, 7, 
made a small collection at the original locality ay 
later, with Mr. J. M. Muir, a geologist of “La Coroyy 
Compania Mexicana, he made a larger one at a nearly 
point. The material thus obtained was sent to D; 
L. W. Stephenson, and he, recognizing that the fauy 
was Carboniferous in age and consequently of les 
interest to himself than to me, obligingly placed it jp 
my hands for examination. This note is published by 
the kind permission of the authorities of the Mexica 
Gulf Oil Company. 

The fossil locality is in Peregrina Canyon, eleva 
kilometers west twenty-two degrees north of Victoria 
in eastern Mexico, and is remote by at least five hu. 
dred miles from any authentic area where Paleozoic 
rocks have as yet been reported. A possible excep. 
tion is an unconfirmed occurrence of undivided Car. 
boniferous rocks in the San Carlos Mountains about 
seventy miles northeast of Peregrina Canyon.’ This 
discovery of Mr. Robertson’s is of considerable in- 
terest, on this score alone, but in addition the faum 
is of an age and facies quite unexpected. Had it 
proved to be Permian or Pennsylvanian, the discov- 
ery would have been interesting but not surprising, 
but the fauna proves to be early Mississippian and 
of a type less comparable to the contemporaneous 
faunas of our border states such as the Lake Valley 
limestone or the Escabrosa limestone, than to faunas 
of Missouri or of Ohio. 

The most characteristic features of the fauna from 
Peregrina Canyon may be set down here, although 4 
more searching description will be given in another 
place. The most abundant fossils, probably, below 
in the genus Syringothyris, and represent three typé 
more or less closely related to species in the lowe 
Mississippian of Iowa and Missouri. A large Retice 
laria scarcely distinguishable from R. pseudolineats 
is also abundant, and Athyris lamellosa, though molt 
rare, is highly distinctive. Spiriferina, Delthyris aul 
Chonetes are present as well, but Productus appeal 
to be rare. It is, however, represented by a larg? 
species of the semireticulate type, closely resembling 
a common member of the Waverly fauna of Sciot0- 
ville, Ohio. Altogether, the faunal aspect is cleat] 
early Mississippian and probably equivalent in tm! 
value to the Burlington and Keokuk of our Missis 
sippian section. 


1See geologic map of North America, 1911. 
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nucle, The limestone in which the fossils oceur has been 


prought to the surface by a pronounced structural 


sit plift, and reveals the following succession of rocks: 


Section in Peregrina Canyon 

















US (By Parker A. Robertson) 
Approximate 
for this thickness 
rtson, 4 Feet 
ny. He etaceous : 
lity ang Medium to heavy bedded limestone..................... 2000 
Corong? Mnconformity (?). 
| nearby etaceous or J urassi¢: 
to Dr Medium bedded light gray limestone above, 
heavy bedded dark gray limestone below........ 300 
@ faung Basal conglomerate containing fragments of 
of lex the underlying red sandstone and quartz 
ed it in pebbles 50 
shed by #Mcreat unconformity. 
Mexican MMriassic or Permian: 
Fine-grained rather soft red sandstone............... 200 
eleven Medium bedded red shale, arenaceous in 
ietoria PALES .eeroresee 485 
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tound table and the annual presidential dinner. Spe- 
lal half-day sessions were devoted, respectively, to 
‘The Caribbean Region,’ “Field Geography” and 
‘Urban Geography.” The papers presented were, on 
the whole, of high quality. Most of them, in their 
careful attention to areal and quantitative detail, in- 
llcate gratifying progress in method and technique 
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of geographical investigation. The introduced papers 
clearly demonstrate that scholarly work is being done 
by the younger group of geographers. The plan 
adopted of scheduling time for discussion after each 
paper resulted in vigorous and illuminating discus- 
sion, and yet allowed the entire program to go for- 
ward on schedule. All the regular sessions were held 
in Science Hall, and the association is greatly in- 
debted to the Department of Geology and Geography 
and to the officials of the university for their fine 
hospitality. For luncheons and the annual dinner 
the association enjoyed the facilities of the University 
Club. The feature of the dinner was a scholarly 
address by President R. H. Whitbeck on the subject 
of “Adjustments to Environment in South America: 
an Interplay of Influences.” 

As an inventory of American geography, this pro- 
gram demonstrated that geographic research of high 
order is under way at a number of institutions where 
separate departments have been established recently, 
or where the subject relatively recently has been in- 
troduced under the auspices of some other depart- 
ment. Thus, from the geography department at the 
University of Michigan, K. C. McMurry gave the re- 
sults of “A Study in the Use of Soil Types in Geo- 
graphic Mapping,” and Preston E. James read “A 
Geographical Reconnaissance of Trinidad.” From 
the new department at the University of Minnesota 
D. H. Davis outlined the “Objectives in a Geographic 
Field Study of a Community,” and Richard Hart- 
shorne presented the “Factors in the Localization of 
the Iron and Steel Industry.” C. C. Huntington, of 
the department of geography at Ohio State Univer- 
sity, discussed “The Main Divisions in the Classifica- 
tion of Geography.” From the geographie wing of 
the department of geology at the University of Illi- 
nois, W. O. Blanchard presented “The Landes—a 
Problem in Conservation,” and John B. Appleton 
summarized the findings of a monograph on “The 
Calumet Steel District.’ Lewis F. Thomas, of the 
department of geology and geography at Washing- 
ton University, discussed “The Localization of the 
Wholesale and Jobbing Industries in Metropolitan 
St. Louis,” and Mary J. Lanier, of Wellesley Col- 
lege, in a paper on “The Early Development of Bos- 
ton as a Commercial Center,” presented a notable con- 
tribution in the field of historical geography. 

That rapid progress is being made in the technique 
of geographic mapping and in the use of quantita- 
tive data in the solution of geographic problems was 
disclosed by the special session on field geography. 
Under the title previously mentioned D. H. Davis 
stated the objectives of a survey for an agricultural 
community and emphasized the importance of such 
objectives in orienting the study. Derwent S. Whit- 
tlesey, of the University of Chicago, discussed the re- 
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sults of “An Experiment in mapping a Small Sec- 
tion of the Door Peninsula, Wisconsin, for Use in 
Geographic Study.” K. C. MeMurry reported the 
progress being made in his experiments at the Uni- 
versity of Michigan, looking towards the determina- 
tion of the place occupied by soil in the environmen- 
tal complex, and also showed how the more recent 
work of the United States Bureau of Soils and allied 
bureaus may be adapted to geographic use. 

A highly successful special session on urban geog- 
raphy betrays a rising tide of geographic interest in 
urban problems. V. C. Finch, of the University of 
Wisconsin, set the pace for this session in an illumi- 
nating study of “Culture and Landscape at Madison, 
Wisconsin.” This presentation of an important 
aspect of the geography of the place of meeting estab- 
lished a precedent which may be followed with profit 
at future meetings. Three papers dealt with the 
geographical aspects of the iron and steel industries. 
Richard Hartshorne challenged the adage “Iron moves 
to coal,” and showed that this generalization may 
or may not be true according to the alignment of the 
other factors involved. The geographic relationships 
of significance in the development of iron and steel 
industries were illustrated for a relatively new area 
by John B. Appleton in his study of the “Calumet 
Steel District” and for one of the oldest districts by 
John W. Frey, of the University of Wisconsin, in a 
paper entitled “The Iron and Steel Industry of the 
Middlesboro District, England.” Frank E. Williams, 
of the University of Pennsylvania, reported signifi- 
cant progress in a distinctly original study of the 
“Philadelphia Suburban Industrial Development.” 
He has mapped the distribution of factories in Dela- 
ware County at several periods and has traced vary- 
ing products of typical establishments during the 
course of the hundred years or more of their exis- 
tence. The geographic quality of a partciular site 
within a metropolitan district was illustrated in the 
paper read by Lewis F. Thomas. He showed why 
the wholesale and jobbing industries in St. Louis 
have occupied the same site throughout the vicissi- 
tudes of transportation in that city. Howard H. 
Martin, of the University of Cincinnati, reported on 
the “Geographic Phases of the Cincinnati Resource 
Survey.” This survey is being made by the Univer- 
sity of Cincinnati at the request of a group of busi- 
ness men of the city. It is under the immediate direc- 
tion of Nevin M. Fenneman, who is. employing the 
augmented staff of the department of geology and 
geography for the purpose. 

That existing railway lines in Central America do 
not cross political boundaries, that there are no con- 
necting lines which might serve as links in the oft- 
proposed Pan-American route, and that the railway 
pattern is closely related to relief and local resources 
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was brought out by Robert S. Platt in his study of 
“Central American Railways and the Pan-America, 
Route.” Another significant study of railway try, 
portation was that by Raus M. Hanson on “@y, 
graphic Factors in Railroad Revenues of Nebraska" 
Continued interest among geographers in the pr. 
lems of land utilization was evidenced in a number 
of papers. O. E. Baker, of the Bureau of Aor. 
cultural Economies, in a notable study of the “Shit, 
in Land Utilization as shown by the 1925 Agriey. 
tural Census” treated in a graphic way one of the 
more urgent of our national problems. He analyz 
the factors which have accelerated the shift of ru 
population to urban districts in some sections of th 
country and those retarding it in other sections. fj, 
also suggested how such shifts in population refley 
the degree of prosperity in the farming communitie; 
W. O. Blanchard, in his study of the Landes pn. 
viously mentioned, showed how an almost destitute 
section of France has been rejuvenated by a construe. 
tive land utilization program. Wallace W. Atwood 
reported the continuation of his studies in the Sa 
Juan Mountains in a paper entitled “Settlement an 
Economie Development in the San Juan Region of 
Colorado.” 

Noteworthy papers which do not come under 
the foregoing classifications were “Trade Route 
used by American Trade,” by Helen M. Strong, of 
the Bureau of Foreign and Domestic Commerce; ani 
“The History of Geography: a Point of View,” by 
John W. Wright, of the American Geographical So- 
ciety. At its last session the association was highly 
honored by an address on “Geographic Sectionalism 
in American History,’ by one of its members of long 
standing, Frederick J. Turner. Professor Turner 
showed that, in the attitude towards and in the votes 
upon national problems, the states in many instances 
have lined up in regional groups rather than as it- 
dividual units. 

The meeting in 1926 will be held at the University 
of Pennsylvania on December 28, 29 and 30. The 
officers for 1926 are: President, J. Paul Goode, Un- 
versity of Chicago; vice-president, George B. Roor- 
bach, Harvard University; secretary, Chas. C. Colby, 
University of Chicago; treasurer, V. C. Finch, Uni 
versity of Wisconsin; editor, Almon E. Parkins, 
George Peabody College for Teachers; councillors, 
Wellington D. Jones (University of Chicago), Olivet 
E. Baker (U. S. Bureau of Agricultural Economic 
and Clark University), Philip S. Smith (U. S. Geole- 
gical Survey), Curtis F. Marbut (U. S. Bureau of 
Soils) and R. H. Whitbeck (University of Wiscot 
sin). 

Cuas, C. Cosy, 
Secretary. 
UNIVERSITY OF CHICAGO 
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